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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

[0001] The present invention relates to a liquid crystal 
display apparatus with a wide viewing angle and a meth- 
od for producing the same. 

2. Description of the Related Art: 

[0002] In a liquid crystal display (LCD), a liquid crystal 
layer Including liquid crystal molecules Is provided be- 
tween a pair of substrates. When the alignment of the 
liquid crystal molecules is changed, the optical refractive 
index of the liquid crystal layer is also changed. By uti- 
lizing the change in the refractive index, the LCD per- 
forms the display. Accordingly, It is important that the 
liquid crystal molecules are arranged as regularly as 
possible in the initial state. In order to arrange for the 
regularity of the liquid crystal molecules in the initial 
state, the surface conditions of the substrates which 
sandwich the liquid crystal layer should regulate the in- 
teractions between the liquid crystal molecules and the 
surfaces. 

[0003] I n the method for performing such a regulation 
which is currently the most widely used, materials for 
liquid crystal alignment films are applied to each of the 
surfaces of the substrates which face the liquid crystal 
layer. The applied materials are dried and cured, so as 
to form the alignment film. Thereafter, the surface of the 
alignment film is rubbed. When a liquid crystal layer is 
provided between the substrates having such rubbed 
alignment films, liquid crystal molecules which are in 
contact with the alignment films are aligned along the 
rubbing direction. 

[0004] There are two types of alignment films for reg- 
ulating the alignment of the liquid crystal, i.e., an inor- 
ganic alignment film and an organic alignment film. Ma- 
terials for the inorganic alignment film include oxides, 
inorganic silane, metals, and metal complexes, whereas 
materials for the organic alignment film include polyim- 
ides. A typical material for the liquid crystal alignment 
film which is currently employed is polyimide resin. The 
polyimide resin is produced in the following manner. A 
polyamic acid, which is a precursor for all aromatic poly- 
imides (all aromatic PI), is first applied to a substrate. 
Then, the substrate with the polyamic acid Is heated so 
that an imidization reaction occurs. As a result, the 
polyamic acid is converted into a polyimide resin. The 
reasons why the polyimide resin Is widely used for the 
liquid crystal alignment film material are the concentra- 
tion and the viscosity thereof can easily be adjusted 
since the polyamic acid has a good solubility, the poly- 
imide resin has a good applicability, and the thickness 
of the polyimide resin film can be easily controlled. The 
produced polyimide resin is more stable in terms of en- 
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ergy than polyamic acid. Accordingly, when the sub- 
strate with the polyimide resin is cleaned by water, a re- 
versible reaction will not occur. 

[0005] The polyimide film which is formed on the sub- 
5 strate in the above-described manner is unidirectionally 
rubbed with a burnishing cloth orthe like. Thus, the liquid 
crystal molecules can be aligned in the rubbing direc- 
tion. The rubbing treatment is unidirectionally performed 
on the substrate, so that the tilt angles (i.e., pretilt an- 
te gles) of the liquid crystal molecules in the liquid crystal 
layer which are in contact with the alignment film are all 
equal to each other. Accordingly, in each picture ele- 
ment constituting a dot as a unit of a matrix-type display 
pattern, all the pretilt angles are substantially equal to 
15 each other and are aligned in one direction. 

[0006] In an active matrix type LCD which uses thin 
film transistors as switching elements connected to re- 
spective pixel electrodes constituting picture elements 
of the display pattern, that is, in a TFT-LCD, a construc- 
20 tion of a twisted nematic (TN) type liquid crystal layer is 
adopted (an LCD of the TN mode). In such an LCD of 
the TN mode, the liquid crystal molecules between the 
pair of substrates are continuously twisted by 90° along 
the direction perpendicular to the surfaces of the sub- 
25 strates. 

[0007] Figure 20 is a plan view of an exemplary TN 
type LCD, and Figure 21 A shows a cross section of a 
picture element portion of theTN type LCD. The LCD is 
a TFT-LCD of an active matrix type. As is shown in Fig- 
30 ure 21 A, a liquid crystal layer 133 is sandwiched be- 
tween substrates 131 and 132 which are provided so as 
to face each other. The substrates 131 includes a glass 
substrate 131a on which scanning lines 112 and signal 
lines 113 are formed so as to cross each other. In the 
35 vicinity of the crossings of the scanning lines 112 and 
the signal lines 113, thin film transistors (TFTs) 120 as 
nonlinear switching elements are formed. In areas en- 
closed by the scanning lines 112 and the signal lines 
113, pixel electrodes 110 are formed, respectively, in 
40 such a manner that part of each pixel electrode 1 10 and 
the scanning line 112 are overlapped. The overlapping 
area 118 in which the pixel electrode 110 and the scan- 
ning line 112 are overlapped functions as an additional 
capacitance. Each of the TFTs 120 includes a gate elec- 
ts trode 115 which is branched from a scanning line 112, 
a source electrode 116 which is branched from a signal 
line 113, and a drain electrode 117 for connecting the 
TFT 120 to a pixel electrode 110. Over the glass sub- 
strate 131a on which the above-mentioned elements 
so are formed, an insulating protective film 131d and an 
alignment film 131e are formed in that order. 
[0008] The other substrate 132 also has a glass sub- 
strate 132a on which a color filter 132b and a transpar- 
ent electrode 132c are formed in this order. Over the 
55 glass substrate 1 32a on which the above-mentioned el- 
ements are formed, an insulating protective film (not 
shown) and an alignment film 132e are formed in that 
order. The alignment film can also function as an insu- 
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lating protective film. 

[0009] In the liquid crystal layer 133 sandwiched be- 
tween the above-described substrates 131 and 1 32, the 
liquid crystal molecules are aligned such that the orien- 
tation directions are continuously twisted by 90° along 
the direction perpendicular to the surfaces of the sub- 
strates. A liquid crystal molecule 133a near the middle 
position along the direction perpendicular to the surfac- 
es of the substrates has a predetermined angle with re- 
spect to the substrate surface. The substrates 131 and 
1 32 are sealed at their ends by a resin or the like (not 
shown), and a peripheral circuit or the like for driving the 
liquid crystal is externally mounted. LCDs which are of 
types other than the active matrix type also have the 
same construction as that described above. 
[001 0] In the TN type LCD, by the application of a volt- 
age across the substrates 131 and 132, an electric field 
is generated in a direction perpendicular to the surfaces 
of the substrates 131 and 132. In accordance with the 
dielectric anisotropy of liquid crystal, the liquid crystal 
molecules stand. By aligning the liquid crystal molecules 
In parallel to the direction of the electric field, the bire- 
fringence of the liquid crystal layer 133 is varied. If the 
direction of the electric field is perpendicular to the di- 
rection to which the liquid crystal molecules stand during 
no voltage application, that is, if the pretilt angle is 0, the 
direction to which the liquid crystal molecules stand is 
not uniquely determined. As a result, a disclination line 
is generated between liquid crystal domains having dif- 
ferent standing directions in response to the electric 
field. Such a disclination line degrades the display qual- 
ity. Thus, in order to prevent the generation of the dis- 
clination line, as shown in Figure 21 A, the liquid crystal 
molecules are previously set to be tilted (i.e., to have a 
pretilt angle). 

[0011] Figure 21 B shows the initial orientation of liq- 
uid crystal when the liquid crystal panel shown in Figure 
21 A is viewed from the side of the substrate 132 which 
is the upper one in Figure 21 A. Vector a in Figure 21 B 
indicates the rubbing direction of the alignment film 
132e, vector b Indicates the rubbing direction of the 
alignment film 131e. The liquid crystal molecules in the 
vicinity of each of the alignment films 1 31 e and 1 32e are 
aligned along the respective rubbing direction (a or b in 
Figure 21 B) with a pretilt angle 5. The rubbing directions 
a and b forms an angle of 90° therebetween (the twist 
angle et = 90° in Figure 21 B). The liquid crystal mole- 
cules in the liquid crystal layer 133 are continuously 
twisted by 90° along the thickness direction of the liquid 
crystal layer 133. Accordingly, the liquid crystal mole- 
cule 133a near the middle position in the thickness di- 
rection of the liquid crystal layer 1 33 is also tilted by the 
angle 5 with respect to the substrates 131 and 132. The 
orientation direction of the liquid crystal molecule 133a 
near the middle position is indicated by vector c in Figure 
21 B. The vector c divides the twist angle et into two 
equal angles. 

[0012] Herein, the plus side of the viewing angle 6v in 



Figure 21 A (the side indicated by 91 ) is referred to as a 
positive viewing direction, and the minus side of the 
viewing angle Gv in Figure 21 A (the side indicated by 
92) is referred to as a negative viewing direction. Spe- 

5 cifically, the direction in which the liquid crystal panel is 
viewed from a viewing point on the right side of a broken 
line in Figure 21 B (i.e., a line which is perpendicular to 
the orientation direction C of the liquid crystal molecule 
near the center position of the liquid crystal layer, and 

10 which divides the liquid crystal panel into two equal 
parts) is referred to as a positive viewing direction. The 
in-plane orientation direction of the liquid crystal panel 
of the liquid crystal molecule 133a positioned near the 
center of the liquid crystal layer (c in Figure 21 B) is re- 

is f erred to as a reference orientation direction. As is seen 
from Figure 21 B the reference orientation direction di- 
vides the twist angle 9t of the liquid crystal layer 1 33 into 
two equal angles. Also, the minus direction of c is re- 
ferred to as a reference viewing direction v. That is, the 

20 reference viewing direction v is the representative pos- 
itive viewing direction. 

[0013] Also herein, an Imaginary clockface (dial) Is 
drawn on the liquid crystal panel, and the orientation di- 
rection of liquid crystal in the liquid crystal layer is indi- 

25 cated by the clock representation method. Specifically 
in the construction in which the display on the liquid crys- 
tal panel is actually viewed by a viewer, the upper side 
of the liquid crystal panel is represented as 12 o'clock, 
the lower side thereof is represented as 6 o'clock. In a 

30 similar way, the orientation direction of the liquid crystal 
layer is represented as the time in the clock indicated 
by the reference orientation direction of the liquid crystal 
layer in the liquid crystal panel. For example, the liquid 
crystal layer having the reference orientation direction 

35 c as shown in Figure 21 B is represented in such a man- 
ner as to "be oriented at 3 o'clock" in the construction in 
which the front side of the figure sheet is regarded as 
the upper side of the liquid crystal panel. 
[0014] The TIM mode LCD, since the liquid crystal mol- 

40 ecules are aligned in the above-described manner, 
there occurs a phenomenon In which the contrast is dif- 
ferent depending on the angle at which the LCD is 
viewed. The reasons why the contrast changes will be 
described below. 

45 [0015] Figure 22 shows an exemplary applied voltage 
to transmittance characteristics in a normally white 
mode of an LCD in which light is transmitted during the 
no voltage application so as to perform a white display. 
[0016] In Figure 22, solid line L1 shows the applied 

so voltage to transmittance characteristic when the LCD 
shown in Figure 21 A is viewed in the direction perpen- 
dicular to the surfaces of the substrates (0v= 0°). In this 
case, as the applied voltage value becomes high, the 
transmittance of light is decreased. When the voltage 

55 value reaches a specific value, the transmittance be- 
comes substantially equal to zero. Accordingly, even 
when a much higher voltage is applied, the transmit- 
tance remains at substantially zero. 
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[0017] When the viewing angle is inclined from the di- 
rection perpendicular to the substrate face to the posi- 
tive viewing direction, the applied voltage to transmit- 
tance characteristic is varied as is shown by solid line 
L2 in Figure 22. Specifically, as the applied voltage be- 
comes high, the transmittance is decreased to some ex- 
tent. When the applied voltage exceeds a specific value, 
the transmittance is increased. Then, the transmittance 
is gradually decreased. Therefore, when the viewing an- 
gle is inclined in the positive viewing direction, there oc- 
curs a phenomenon in that the black and the white (the 
negative and positive) of the image are inverted at a spe- 
cific angle. This phenomenon occurs because the ap- 
parent birefringence of liquid crystal molecules having 
optical anisotropy is varied depending on the viewing 
angle. 

[0018] Referring to Figures 23 A to 23C, the phenom- 
enon will be described in detail. As is shown in Figure 
23A, when the applied voltage is zero or a relatively low- 
er voltage, the center molecule 133a of the liquid crystal 
layer is observed in the form of an ellipse by the viewer 
137 positioned in the positive viewing direction. As the 
applied voltage is gradually increased, the center mol- 
ecule 133a is moved in such a manner that the longer 
axis becomes aligned along the direction of the electric 
field, i.e., the direction perpendicular to the substrate 
face. Accordingly, the center molecule 133a is momen- 
tarily observed in the form of a circle by the viewer 137, 
as is shown in Figure 23B. As the voltage is further in- 
creased, the center molecule 133a becomes substan- 
tially in parallel to the electric field direction. As a result, 
the center molecule 133a is observed again in the form 
of an ellipse by the viewer 137, as is shown in Figure 
23C. In this way, the inversion phenomenon occurs. 
[0019] If the viewing angle is tilted in the negative 
viewing direction, the variation of the light transmittance 
with respect to the applied voltage is relatively small as 
compared with the case of being viewed from the direc- 
tion perpendicularto the substrates, as is shown by solid 
line L3 in Figure 22. As a result, when the LCD is viewed 
from the negative viewing direction, the inversion phe- 
nomenon does not occur, but the contrast is greatly de- 
graded. 

[0020] In the TN mode LCD, the inversion phenome- 
non when viewed from the positive viewing direction and 
the degradation of contrast when viewed from the neg- 
ative viewing direction cause serious problems for the 
viewer, and they result in doubts about the display prop- 
erties of the LCD. 

[0021] A technique for suppressing the inversion phe- 
nomenon in the TN mode LCD is described in, for ex- 
ample, Japanese Laid-Open Patent Publication No. 
2-12. According to the technique, in the active matrix 
type LCD, a display electrode constituting a picture el- 
ement is divided into an inner electrode and an outer 
electrode. By changing the conditions of the electric field 
applied to the liquid crystal molecules on the Inner elec- 
trode side from those of the electric field applied to the 
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liquid crystal molecules on the outer electrode side in 
an attempt to improve the viewing characteristics. 
[0022] However, the technique disadvantageous^ 
necessitates a variety of the electrode patterns, so that 
5 the production process and the driving method become 
complicated. Moreover, the resulting improvement of 
the viewing angle characteristics is not considered as 
being so remarkable. 

[0023] JAPAN DISPLAY '92, pages 591-594, and 

10 page 886 describe the following two methods for elimi- 
nating the above-described inversion phenomenon. In 
one method, the surface of the alignment film is unidi- 
rectionally rubbed, and then a resist is deposited on a 
part of the alignment film. Then, the rubbing is per- 

15 formed in the direction reversed to the previous rubbing 
direction. Thereafter, the resist is removed. As a result, 
the alignment film is provided with different aligning con- 
ditions caused by the different rubbing directions be- 
tween the alignment film surface covered with the resist 

20 and the alignment film surface not covered with the re- 
sist, so as to differentiate the pretilt angles. In the other 
method, alignment films made of different materials are 
selectively formed and then they are subjected to the 
rubbing treatment. As a result, a plurality of pretilt angles 

25 are formed on the alignment films depending on the ma- 
terials thereof. By the use of the fact that the reference 
orientation direction is controlled by the larger one of 
different pretilt angles, the reference orientation direc- 
tions which are different from each other by 180° are 

30 provided in one and the same liquid crystal layer. 

[0024] According to these methods, liquid crystal re- 
gions having the reference orientation directions differ- 
ent from each other by 180° are mlxedty formed In one 
and the same liquid crystal layer, so that the viewer can 

35 mixedly observe the viewing characteristics in both di- 
rections. As a result, the inversion phenomenon In the 
positive viewing direction and also the significant reduc- 
tion of the contrast in the negative viewing direction are 
reduced and improved. However, these methods in- 

40 elude a photolithography process, and hence involve a 
contamination problem of the alignment films. In the 
former proposed method, if the resist is deposited on 
the surface of the alignment film, the alignment regulat- 
ing property of the alignment film surface is greatly de- 

45 teriorated. In the latter proposed method, the patterning 
of the alignment films requires complicated processing 
steps. For these reasons, the above methods are not 
practical. 

[0025] In another attempt to eliminate the inversion 
so phenomenon in the positive viewing direction and the 
contrast degradation in the negative viewing direction, 
a rectangular region 119 in which the reference orien- 
tation direction is different from that in the other region 
is formed in part of a picture element shown by a dotted 
55 line in Figure 19. In more detail, the liquid crystal regions 
having the reference orientation directions which are dif- 
ferent from each other by 1 80° are formed in one picture 
element, so that the contrast degradation in the negative 
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viewing direction is compensated, and the inversion 
phenomenon in the positive viewing direction is sup- 
pressed. 

[0026] However, in the above method in which liquid 
crystal regions having the reference orientation direc- 
tions which are different from each other in one picture 
element, as the time elapses, the aligning condition of 
one region may be absorbed by the aligning condition 
of the other region. In addition, in the boundary area be- 
tween the liquid crystal regions (an area indicated by 
dimension line in Figure 21 A), a disclination line occurs, 
i.e., the liquid crystals cannot be driven by the influence 
of both aligning conditions. This causes the contrast to 
be downgraded. 

[0027] EP-A-0 635 74B, which is prior art only under 
Article 54(3) E PC, discloses a method of producing a liq- 
uid crystal display device in which the liquid crystal layer 
has regions of different liquid crystal aligning conditions. 
The regions of different liquid crystal aligning conditions 
are obtained by irradiating part of one of the aligning 
films with ultraviolet light such that the irradiated portion 
and the non-irradiated portion of the aligning film induce 
different pretilt angles in the liquid crystal layer. 
[0028] 549 283 discloses a method of produc- 

ing a liquid crystal display device in which the liquid crys- 
tal layer has regions of different liquid crystal aligning 
conditions. In this method, portions of a substrate are 
treated with ozone or an oxygen plasma before an align- 
ment film is disposed on the substrate. As a result of this 
treatment, when the alignment film is applied the adhe- 
sion between the substrate and the alignment film will 
vary between the regions that have been treated with 
ozone or the oxygen plasma and the regions that were 
not so treated. When the alignment film is rubbed, these 
regions of different adhesion give rise to regions of dif- 
ferent p re-tilt. 

[0029] A first aspect of the present invention provides 
a method of producing a liquid crystal display apparatus 
comprising first and second substrates; a liquid crystal 
layer sandwiched between the substrates; and first and 
second alignment films, the alignment films being films 
of an organic polymer disposed at interfaces between 
the liquid crystal layer and a respective one of the sub- 
strates, the alignment films regulating aligning condi- 
tions of liquid crystal in the liquid crystal layer, the liquid 
crystal including two or more liquid crystal layer regions 
of different aligning directions; 

wherein the method comprises: a step of selec- 
tively irradiating at least one of the alignment films with 
visible or infrared light in a vacuum or a partial vacuum 
so as to increase the surface tension of the irradiated 
region(s) of the at least one alignment film, so that the 
surface tension of the at least one alignment film varies 
between surface regions corresponding to the liquid 
crystal layer regions of different aligning conditions, 
whereby the irradiated region (s) of the at least one align- 
ment film Induce a lower pretilt in the liquid crystal layer 
than do the unirradiated region(s) of the at least one 
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alignment film. 

[0030] In a preferred embodiment, the surface re- 
gions include first regions which are irradiated with light 
and second regions which are not irradiated with light, 

s the first surface regions and the second surface regions 
are arranged alternately on both of the alignment films, 
and the first surface regions on one of the alignment 
films face the second surface regions on the other of the 
alignment films. 

10 [0031] In a preferred embodiment the two or more liq- 
uid crystal layer regions having different aligning direc- 
tions are formed in each picture element, and the bound- 
ary between one liquid crystal layer region and a liquid 
crystal layer region adjacent thereto extends over two 

15 or more picture elements. 

[0032] In a preferred embodiment the two or more liq- 
uid crystal layer regions having different aligning direc- 
tions are formed in each picture element, and a bound- 
ary between one liquid crystal layer region and a liquid 

20 crystal layer region adjacent thereto is parallel to the 
aligning direction of liquid crystal molecules which are 
in contact with one of the pair of substrates. 
[0033] In a preferred embodiment the two or more liq- 
uid crystal layer regions having different aligning direc- 
ts tions are formed in each picture element of the display 
apparatus; and the method further comprises the step 
of covering the boundary between adjacent liquid crystal 
layer regions with a light blocking film. 
[0034] A second aspect of the present invention pro- 

30 vides a method of producing a liquid crystal display ap- 
paratus comprising first and second substrates and a 
liquid crystal layer sandwiched between the pair of sub- 
strates, the method comprising the steps of: forming first 
and second alignment films for regulating aligning con- 

35 ditions of liquid crystal in the liquid crystal layer on a re- 
spective one of the substrates; wherein the method fur- 
ther comprises the step of selectively irradiating at least 
one of the alignment films with light so as to reduce the 
pre-tilt angle of liquid crystal molecules adjacent the ir- 

40 radiated portion(s) of the at least one alignment film 
while a gas including at least one of oxygen and ozone 
is in contact with the at least one alignment film; and 
wherein the gas includes oxygen having a concentration 
of 25 vol % or more; and in that the gas includes ozone 

45 having a concentration of 1 x 1 0 -4 vol % or more. 

[0035] A third aspect of the present invention provides 
a method of producing a liquid crystal display apparatus 
including first and second substrates and a liquid crystal 
layer sandwiched therebetween, the method compris- 

so ing the step of:forming first and second alignment films 
for regulating aligning direction of liquid crystal mole- 
cules in the vicinity thereof on a respective one of the 
substrates; wherein the method further comprises the 
step of selectively irradiating at least one of the align- 

55 ment films with light so as to reduce pre-tilt angles of 
liquid crystal molecules adjacent the irradiated portion 
(s) of the at least one alignment film; and wherein the 
pressure and/or the composition of the ambient gas in 
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which the at least one alignment film is irradiated is/are 
selected so that the irradiation step has a desired dura- 
tion. 

[0036] In a preferred embodiment the step of selec- 
tively irradiating at least one of the alignment films with 5 
light includes a step of forming first regions which are 
irradiated with light and second regions which are not 
irradiated with light on one of the alignment films, and a 
step of forming the first regions and the second regions 
on the other of the alignment films, the first regions and 
the second regions being arranged alternately on both 
of the alignment films, the first regions of the one of the 
alignment films facing the second regions of the other 
of the alignment films. 

[0037] A fourth aspect of the present invention pro- 
vides a method of producing a liquid crystal display ap- 
paratus comprising first and second substrates and a 
liquid crystal layer sandwiched between the pair of sub- 
strates, the method comprising the step of: forming first 
and second alignment films for regulating aligning con- 
ditions of liquid crystal in the liquid crystal layer on a re- 
spective one of the first and second substrates; wherein 
the method further comprises the step of: selectively ir- 
radiating at least one of the alignment films with light in 
an atmosphere including an inert gas so as to reduce 
the pre-tilt angle of liquid crystal molecules adjacent the 
irradiated portion (s) of the at least one alignment film, 
wherein the atmosphere includes the inert gas at the vol- 
ume ratio of 85% to 1 00%. and the inert gas is selected 
from nitrogen, helium, neon, and argon. 
[0038] In a preferred embodiment the light is ultravio- 
let rays or ultraviolet laser light. 
[0039] In a preferred embodiment the step of selec- 
tively irradiating at least one of the alignment films with 
light includes a step of forming first regions which are 
irradiated with light and second regions which are not 
irradiated with light on one of the alignment films, and a 
step of forming the first regions and the second regions 
on the other of the alignment films, the first regions and 
the second regions being arranged alternatively on both 
of the alignment films, the first regions of the one of the 
alignment films facing the second regions of the other 
of the alignment films. 

[0040] A fifth aspect of the present invention provides 
a method of producing a liquid crystal display apparatus 
comprising first and second substrates and a liquid crys- 
tal layer sandwiched between the pair of substrates, the 
method of comprising the step of: forming first and sec- 
ond alignment films for regulating aligning conditions of 
liquid crystal in the liquid crystal layer on a respective 
one of the first and second substrates; wherein the 
method further comprises the step of selectively irradi- 
ating at least one of the alignment films with light in a 
vacuum or a partial vacuum so as to reduce the pre-tilt 
angle of liquid crystal molecules adjacent the irradiated 
portion(s) of the at least one alignment film. 
[0041] In a preferred embodiment the pressure of the 
vacuum or partial vacuum is in the range of 0.5 atm to 



0 atm. 

[0042] In a preferred embodiment the light is ultravio- 
let light, visible light, infrared light, ultraviolet laser light, 
visible laser light, or infrared laser light. 
[0043] In a preferred embodiment the step of selec- 
tively irradiating at least one of the alignment films with 
light includes a step of forming first regions which are 
irradiated with light and second regions which are not 
irradiated with light on one of the alignment films, and a 
step of forming the first regions and the second regions 
on the other of the alignment films, the first regions and 
the second regions being arranged alternatively on both 
of the alignment films, the first regions of the one of the 
alignment films facing the second regions of the other 
of the alignment films. 

[0044] According to an LCD produced by a method of 
the invention, a plurality of liquid crystal layer regions 
having different pretilt angles from each other can be 
formed in a liquid crystal panel. In addition, in one picture 
element, a plurality of liquid crystal layer regions having 
different pretilt angles from each other can be formed. 
Accordingly, In a plurality of picture elements, or in one 
picture element, reference orientation directions which 
are opposite to each other can be obtained, and there- 
fore reference viewing directions which are different 
from each other by 1 80° are mixed. As a result, an LCD 
having a wide viewing angle with improved display qual- 
ity can be provided. 

[0045] According to the invention, the boundary be- 
tween liquid crystal layer regions having a plurality of 
different reference orientation directions are continu- 
ously formed over at least two or more picture elements, 
so that the free energy of the boundary is reduced and 
one aligning condition is prevented from being absorbed 
into another aligning condition. 

[0046] The boundary between liquid crystal layer re- 
gions having different reference orientation directions in 
one picture element is parallel to the aligning direction 
of liquid crystal molecules which are in contact with one 
of substrates, so that the disorder of the alignment of 
liquid crystal molecules is suppressed. As a result, the 
generation of the disclination line can be suppressed. 
[0047] In addition, if the boundary is covered with a 
light blocking film, the covered portion does not contrib- 
ute to the display, irrespective of the generation of dis- 
clination line. 

[0048] If the light blocking film is made of a material 
which is used for a non-linear element, another addition- 
al process is not required. 

[0049] In a method according to the invention, the 
alignment film which controls the alignment of the liquid 
crystal layer Is brought in contact with a gas including at 
least one of oxygen and ozone, and is irradiated with 
light. If the alignment film is irradiated with light without 
using such a gas, O a (ozone) is generated. The O a ox- 
idizes a Iky I radicals of polyimide, so as to produce car- 
bonyl radicals. Due to the carbonyl radicals, the polarity 
of the surface of the alignment film is changed. If the 
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above-described gas, preferably ozone, exists in the vi- 
cinity of the alignment film at this time, the polarity of the 
surface of the alignment film is more rapidly changed. 
As a result, the surface of the alignment film is changed 
at a higher speed than in the case where oxygen and 5 
ozone do not exist in the vicinity of the film to be the 
alignment film. 

[0050] According to the invention, by controlling the 
amount of oxygen which influences the alignment film 
surface in the light blocking portion, it is possible to sta- 10 
bly control the pretilt angle. Such a control is performed 
for the following reasons. 

[0051] The change of pretilt angle by light irradiation 
occurs as the result of the following two types of reac- 
tions. The first reaction is the dissociation or generation is 
of polymer bonding in the alignment film by the applica- 
tion of high energy. The other reaction Is the absorption 
of short-wavelength ultraviolet rays by oxygen in the air 
so as to generate ozone and activating oxygen, which 
accordingly improves the quality of the alignment film 20 
surface. 

[0052] In the case where the irradiation of short-wave- 
length ultraviolet rays is performed in the air, the latter 
reaction dominantly occurs, so that the quality of the 
alignment film surface is rapidly Improved by the ozone 25 
and activating oxygen. However, in this reaction, the ac- 
tivated oxygen freely travels in the space, so that the 
reaction progresses to a portion which is essentially in- 
tended to be protected by blocking light. If the reaction 
reaches the light blocking portion, the pretilt angle of liq- 30 
uid crystal molecules which are in contact with the por- 
tion changes. Thus, it becomes difficult to control the 
reference orientation direction by means of the pretilt 
angle. Even in an irradiated portion, if the irradiation 
amount becomes too large, the improvement of the sur- 35 
face quality progresses and the thickness of the film is 
decreased. If the irradiation amount is further increased, 
the film itself becomes lost. In order to secure a differ- 
ence in the pretilt angle between the liquid crystal mol- 
ecules in contact with the irradiated portion and the liq- 40 
uid crystal molecules in contact with the light blocking 
portion, it is necessary to strictly control the light irradi- 
ation conditions such as the light intensity, and the irra- 
diation amount. 

[0053] The following two methods can be applied for 45 
controlling the amount of oxygen. One method is to ir- 
radiate the alignment film with light in an atmosphere 
which is partially replaced with an inert gas. The irradi- 
ation may be performed In an atmosphere of 100% of 
inert gas. In the usual air, the ratio of the inert gas to the so 
air is 80%. By the irradiation in an atmosphere including 
85% of Inert gas, the reaction rate is not so reduced, but 
the light blocking portion is somewhat affected. By the 
irradiation in an atmosphere including 1 00% of inert gas, 
the light blocking portion is not at all affected, but the 55 
reaction rate is reduced. On the basis of the desired 
pretilt angle and the like, the optimal mixing ratio is de- 
termined. 
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[0054] The other method is to irradiate the alignment 
film with light at a reduced pressure. This method may 
be performed under a perfect vacuum. By this method, 
as the reduction degree of pressure is increased, the 
reaction rate is lowered. 

[0055] By controlling the amount of oxygen by using 
these methods, the pretilt angle control in which the 
mechanism for dissociation and generation of polymer 
bonding by light is dominant can be realized. Thus, the 
change of pretilt angle in the light blocking portion is sup- 
pressed, irrespective of the light irradiation conditions. 
Accordingly, it becomes possible to stably control the 
tilting angle, so that an LCD with a wide viewing angle 
can be stably produced with a good yield. 
[0056] If the light irradiation is performed under a low 
pressure or under a vacuum, visible rays or infrared rays 
can be used instead of the ultraviolet rays. In the case 
where the control of the pretilt angle by light irradiation 
is performed with the visible rays or infrared rays, ozone 
and activating oxygen is not generated. However, when 
the irradiation is performed in the air, the light attenuates 
due to the absorption and scattering in an air layer. Ac- 
cording to the invention , the light irradiation is performed 
under a low pressure or under a vacuum, so that the 
amount of light which reaches the alignment film surface 
is increased in the case of the use of visible rays or in- 
frared rays. Thus, the irradiation efficiency is increased. 
[0057] Thus, the invention described herein makes 
possible the advantages of (1) providing a method for 
producing an LCD with a wide viewing angle in which 
the viewing characteristics can be effectively improved 
and the display quality is improved, (2) providing a meth- 
od for producing the LCD with good producibility, and 
(3) providing a method for precisely producing the LCD. 
[0058] These and other advantages of the present in- 
vention will become apparent to those skilled In the art 
upon reading and understanding the following detailed 
description with reference to the accompanying figures, 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0059] 

Figure 1A is a cross-sectional view schematically 
showing a liquid crystal apparatus producible by a 
method according to Example 1 of the invention. 

Figure 1B shows an exemplary relationship be- 
tween rubbing directions and the reference orienta- 
tion directions in the LCD shown in Figure 1 A. 

Figure 2 shows the voltage-transmittance curves 
depending on viewing directions of the LCD produc- 
ible by a method according to Example 1 . 

Figure 3 is a plan view showing an LCD producible 
by a method according to Example 4 of the inven- 
tion. 
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Figure 4 is a cross-sectional view of the LCD shown 
in Figure 3. 

Figure 5 is a pfan view showing another LCD pro- 
ducible by a method according to Example 4. 

Figure 6 is a plan view showing an LCD producible 
by a method according to Example 5 of the inven- 
tion. 

Figure 7 is a cross-sectional view of the LCD shown 
in Figure 6. 

Figure 8 is a plan view showing another LCD pro- 
ducible by a method according to Example 5. 



LCD. 

Figure 21 A is a cross-sectional view of the LCD 
shown in Figure 20. 

Figure 21 B shows the relationship between the ori- 
entation direction of liquid crystal and the rubbing 
direction. 

Figure 22 shows the applied voltage to transmit- 
tance characteristics in a conventional normally 
white mode LCD. 

Figures 23A, 23B and 23C are diagrams for illus- 
trating the inversion phenomenon in an LCD. 



Figure 9 is a plan view showing still another LCD 
producible by a method according to Example 5. 

Figure 10 is a plan view showing an LCD producible so 
by a method according to Example 6 of the inven- 
tion. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0060] Hereinafter, the present invention will be de- 
scribed byway of illustrative examples with reference to 
the accompanying drawings. 



Figure 11 is a cross-sectional view of the LCD 
shown In Figure 10. 25 

Figure 12 is a plan view showing another LCD pro- 
ducible by a method according to Example 6. 

Figure 13 is a cross sectional view showing an LCD 30 
producible by a method according to Example 7 of 
the invention. 

Figure 14 is a diagram schematically showing an 
apparatus used for a light irradiation process in a 35 
method for producing the LCD according to Exam- 
ple 7. 

Figure 15 is a cross-sectional view schematically 
showing the light irradiation process in the method *o 
for producing the LCD according to Example 7. 

Figure 16 is a cross-sectional view showing a LCD 
produced according to Example 7. 

45 

Figure 17 is a cross-sectional view showing an ac- 
tive matrix type LCD to which the present invention 
is applied. 

Figure 18 is a cross-sectional view schematically so 
showing a light irradiation process in a method for 
producing an LCD according to Example 8 of the 
invention. 

Figure 19 shows an exemplary pattern of the por- ss 
tions in which the aligning conditions are different. 

Figure 20 is a plan view showing a conventional 



Example 1 

[0061] Figu re 1 A is a cross-sectional view showing an 
LCD producible by a method according to the invention. 
The LCD is of an active matrix type. In the LCD, as is 
shown in Figure 1 A, a pair of substrates 31 and 32 are 
provided so as to sandwich a liquid crystal layer 33. In 
the counter substrate 32 which is the upper one of the 
paired substrates, a counter electrode 24 and an align- 
ment film 32b are formed in this order on an insulating 
substrate 32a made of glass, silicon wafer, or the like. 
The alignment film 32b is disposed on the side which is 
adjacent to the liquid crystal layer 33. 
[0062] In the base substrate 31 which is the lower one 
of the paired substrates, pixel electrodes 14 and an 
alignment film 31b are formed in this order on an insu- 
lating substrate 31a made of glass, silicon wafer, or the 
like. In Figure 1 A, only one pixel electrode 14 is shown. 
In the actual substrate, a plurality of pixel electrodes 14 
are provided in a matrix. Also, a plurality of scanning 
lines (not shown) are juxtaposed in such a manner that 
they are extended on both sides of respective pixel elec- 
trodes 14 along the peripheries thereof. A plurality of 
signal lines (not shown) are juxtaposed so as to cross 
the scanning lines in such a manner that they are ex- 
tended on both sides of respective pixel electrodes 14 
along the peripheries thereof. In addition, in the vicinity 
of each crossing of the signal lines and the scanning 
lines, a thin film transistor (TFT, not shown) functioning 
as a switching element is provided. The TFT is electri- 
cally connected to a signal line and a scanning line. Fur- 
thermore, over the insulating substrate 31a having the 
above-described structure, an alignment film 31b is 
formed. The alignment film 31b is disposed on the side 
which is adjacent to the liquid crystal layer 33. 
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[0063] I n the alignment films 31 b and 32b respective- 
ly provided on the sides of the substrates 31 and 32, two 
portions having different pretilt angles 40 are defined 
above each of the pixel electrodes 14 as shown in Figure 
1A. Specifically, the alignment film 31b formed on the 
substrate 31 has a portion A having a larger pretilt angle 
40 and a portion B having a smaller pretilt angle 40 on 
one pixel electrode 14. The alignment film 32b formed 
on the substrate 32 has a portion C having a smaller 
pretilt angle C and a portion D having a larger pretilt an- 
gle C above one pixel electrode 14. Furthermore, the 
pretilt angles are set in the following manner. The pretilt 
angle of portion A is larger than that of portion C. The 
pretilt angle of portion B is smaller than that of portion D. 
[0064] The substrates 31 and 32 thus obtained are 
sealed at their ends by a resin or the like, and a periph- 
eral circuit or the like is externally mounted. 
[0065] In the LCD in this example having the above 
construction, the alignment films 31b and 32b are 
formed in the following manner. 

[0066] First, films to be the alignment films 31b and 
32b are formed on the substrates 31 and 32, respec- 
tively. The films are unidirectionally rubbed. Then, the 
above-described portions A, B, C and D are defined in 
the alignment films 31b and 32b. In this example, after 
the formation of the alignment films of polyimide, the 
alignment film 31 b except forthe portion B was covered 
with a mask, and then the alignment film 31b was irra- 
diated with ultraviolet rays from the side on which the 
mask was provided. Then, the alignment film 32b except 
forthe portion C was covered with a mask, and then the 
alignment film 32b was irradiated with ultraviolet rays 
from the side on which the mask was provided. The Ir- 
radiation of the alignment film 32b may be performed 
prior to the irradiation of the alignment film 31b. 
[0067] As described above, by irradiating the align- 
ment film surface with ultraviolet rays, the surface ten- 
sion of the irradiated portion of the alignment film is in- 
creased. The increase of surface tension causes the 
pretilt angle of liquid crystal molecules which are in con- 
tact with the alignment film to be decreased. 
[0068] After the portions A, B, C and D were defined, 
the substrates 31 and 32 are arranged so that the pretilt 
angles 40 are set so as to be different between the sub- 
strates 31 and 32 which face each other. In other words, 
the substrates 31 and 32 are arranged so that the por- 
tions having different surface tensions face each other. 
[0069] Then, the gap between the substrates 31 and 
32 is filled with the liquid crystal. The liquid crystal em- 
ployed in this example is selected in the following man- 
ner. If the substrates 31 and 32 are arranged so that the 
liquid crystal molecules will make a right-handed twist 
going from one substrate to the other, left-handed twist- 
ed liquid crystal is selected. If the substrates 31 and 32 
are arranged to correspond to the left-handed twisted 
liquid crystal, right-handed liquid crystal is selected. 
[0070] As a result, as shown in Figure 1A, two liquid 
crystal layer regions are formed in one picture element 



corresponding to one pixel electrode 14: One is a region 
where the pretilt angles of the substrate 31 are larger 
than that of the substrate 32, and the other is a region 
where the pretilt angles of the substrate 32 are larger 

5 than that of the substrate 31 . In both liquid crystal layer 
regions, the in-plane directions of the liquid crystal mol- 
ecules at the middle position along the thickness direc- 
tion of the liquid crystal layer 33 (i.e., the reference ori- 
entation directions) are controlled by the alignment film 

10 having a larger pretilt angle. Therefore, the reference 
orientation directions in the two liquid crystal layer re- 
gions are different from each other by 1 80°. 
[0071] In this example, the arrangement of the sub- 
strates 31 and 32 and the twisted angle and direction of 

is the liquid crystal layer are determined so that the refer- 
ence viewing directions which are different from each 
other by 1 80° should coincide with the 6 o'clock viewing 
direction and the 12 o'clock viewing direction. Figure 1B 
shows an exemplary arrangement of the directions in 

20 which the alignment films 31b and 32b are rubbed in 
this example. 

[0072] Accordingly, In the LCD of this example, when 
a voltage is applied to the pixel electrode 14, the left and 
right halves of the liquid crystal layer region perform a 

25 display with opposite viewing directions. Therefore, un- 
like the prior art, it is unnecessary to drive the right and 
left halves with different voltages. In addition, since the 
viewing directions are opposite each other, the viewing 
performance can be sufficiently improved. 

30 [0073] The phenomenon In which the surface tension 
in the irradiated portion of the alignment film is increased 
can be confirmed, for example, by the usual contact-an- 
gle measurement using water or methylene iodide. 



[0074] In this example, the oxygen concentration at 
the surface of the irradiated portion of the alignment film 
is increased by irradiating the alignment film with ultra- 
40 violet rays. Due to the increase of the oxygen concen- 
tration, the surface energy of the alignment film is in- 
creased, so that the pretilt angle of the liquid crystal mol- 
ecules which are in contact with the alignment films is 
decreased. 

45 [0075] Accordingly, as in the method described in Ex- 
ample 1 , portions having different pretilt angles are 
formed in the alignment film. After this, the substrates 
31 and 32 are arranged so that the portions having dif- 
ferent oxygen concentrations at the surface thereof face 

so each other. Then, by filling a gap between the substrates 
31 and 32 with the liquid crystal, two liquid crystal re- 
gions having different reference orientation directions 
which are opposite each other are formed in one picture 
element. Therefore, the reference viewing directions 

55 which are different from each other by 1 80° are mixedly 
obtained, resulting in a more improved viewing perform- 
ance. 

[0076] The phenomenon in which the oxygen concen- 
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tration atthe surface in the irradiated portion of the align- 
ment film can easily be confirmed by surface elemental 
analysis such as XPS. 

Example 3 

[0077] In this example, the concentration of carbonyl 
radicals at the surface of the irradiated portion of the 
alignment film is increased by irradiating the alignment 
film with ultraviolet rays. Due to the increase of the con- 
centration of carbonyl radicals, the polarity of the align- 
ment film surface is changed, so that the pretilt angle of 
the liquid crystal molecules which are in contact with the 
alignment films Is decreased. 

[007B] Accordingly, as in the method described in Ex- 
ample 1, portions having different pretilt angles are 
formed in the alignment film. After this, the substrates 
31 and 32 are arranged so that the portions having dif- 
ferent concentrations of carbonyl radicals face each oth- 
er. By filling the gap between the substrates 31 and 32 
with the liquid crystal, the reference orientation direc- 
tions which are opposite each other can be formed In 
one picture element in Example 3. Therefore, the refer- 
ence viewing directions which are opposite each other 
are mixed ly obtained, resulting in a more improved view- 
ing performance. 

[0079] The phenomenon in which the concentration 
of carbonyl radicals at the surface in the irradiated por- 
tion of the alignment film can easily be confirmed by sur- 
face Infrared-ray absorption such as FTIR. 
[0080] Figure 2 shows the viewing characteristics of 
the LCD including the alignment films obtained by a 
method in Example 1, 2 or 3. In Figure 2, the horizontal 
axis indicates the applied voltage, and the vertical axis 
indicates the transmittance. As is understood from this 
figure, the inversion phenomenon does not occur in the 
cases according to the invention, so that a good display 
can be performed. 

[0081] In Examples 1 to 3, one picture element is di- 
vided into two regions, so that the pretilt angle of the 
substrate 31 is larger than that of the substrate 32 in the 
left half and the pretilt angle of the substrate 32 is larger 
than that of the substrate 31 in the right half. However, 
the present invention is not limited to this specific case, 
as long as the facing portions are arranged so as to have 
different surface tensions, different oxygen concentra- 
tions, or different concentrations of carbonyl radicals. If 
the facing regions are formed so as to have different 
pretilt angles between the substrates 31 and 32 by the 
use of a difference in surface tension, it is preferred that 
the difference in surface tension be, for example, 2 dyn/ 
cm or more. If the facing regions are formed so as to 
have different pretilt angles by the use of a difference in 
oxygen concentration, it is preferred that the difference 
in oxygen concentration be set, for example, such that 
the atomic percentage of a lower concentration region 
is 70% or less of that of a higher concentration region 
in a region having a depth of about 100 angstroms from 



the surface. If the facing regions are formed to have dif- 
ferent pretilt angles by the use a difference in the con- 
centration of carbonyl radicals, it is preferred that the 
difference in the concentration of the carbonyl radicals 
be set so that the difference can be observed by moni- 
toring the peak of new carbonyl radicals generated by 
light irradiation in the vicinity of 1 700 cm -1 , for example, 
when the measurement is performed using FTIR. 
[0082] In the construction shown in Figure 1 A, regions 
having different pretilt angles are provided to both sub- 
strates. However, the present invention is not limited to 
this case. Alternatively, regions having a plurality of 
pretilt angles may be formed on one of the substrates, 
and regions having an intermediate pretilt angle may be 
formed on the other substrate. In such a case, the 
number of process steps can be reduced, so that the 
production cost can be reduced. 
[0083] In the above description , regions having differ- 
ent pretilt angles are provided for one pixel electrode, I. 
e., for one picture element. However, the present inven- 
tion is not limited to this specific case. Alternatively, re- 
gions having different pretilt angles may be provided for 
every two or more picture elements, or for picture ele- 
ments the number of which is determined at random. 
[0084] In addition, there are various possible patterns 
for different aligning conditions. For example, on the sur- 
face of each of the alignment film 31b on the substrate 
31 side and the alignment film 32b on the substrate 32 
side, two types of portions are alternately formed by the 
method described in Example 1 ,2 or 3. At this time, each 
of the portions has substantially the same area as that 
of one picture element. Next, as shown in Figure 19, the 
substrates 31 and 32 are assembled by aligning the 
boundaries between different aligning conditions with 
each other, so that the portions of different aligning con- 
ditions of the alignment film 31b and the alignment film 
32b face each other. As a result, as described in Exam- 
ple 1 , when the aligning conditions are made different 
by utilizing the surface tensions, a liquid crystal layer 
region in which the surface tension of the alignment film 
32b is larger than that of the alignment film 31b, and a 
liquid crystal layer region in which the surface tension 
of the alignment film 31 b is larger than that of the align- 
ment film 32b are alternately formed for each picture el- 
ement. 

[0085] As described in Example 2, when the aligning 
conditions are made different by increasing the oxygen 
concentration, a liquid crystal layer region in which the 
oxygen concentration of the alignment film 31b is larger 
than that of the alignment film 32b and a liquid crystal 
layer region in which the oxygen concentration of the 
alignment film 32b is larger than that of the alignment 
film 31b are alternately formed for each picture element. 
[0086] As described in Example 3, when the aligning 
conditions are made different by increasing the concen- 
tration of carbonyl radicals, a region in which the con- 
centration of carbonyl radicals of the alignment film 31b 
is higherthan that of the alignmentfilm 32b, and a region 
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in which the concentration of carbonyl radicals of the 
alignment film 32b is higher than that of the alignment 
film 31 b are alternately formed for each picture element. 
[0087] In the above description, two types of regions 
having different pretilt angles are provided for each pic- 
ture element. However, the present Invention is not lim- 
ited to this specific case. Alternatively, three or more 
types of regions. having pretilt angles may be provided 
for each picture element. 

[0088] In the above description, the alignment film is 
irradiated with ultraviolet rays, and this is not covered 
by claim 1 . However, the method is not limited to this 
specific case and, as described with reference to Exam- 
ple 7, can alternatively be performed with visible or Infra- 
red light. Alternatively, the irradiation can be performed 
with light including the ultraviolet rays. 
[0089] In the above description, polyimide is used as 
the material of the alignment film. Alternatively, any oth- 
er material can be used so far as the material can attain 
the construction of the invention by the light irradiation. 
At this time, an optimal wavelength of irradiation light 
can be selected depending on the employed material. 
If a laser is used, the control can be performed more 
effectively. 

[0090] According to the Invention, Instead of the 
above-described method in which the alignment film is 
formed over the entire face and then partially irradiated 
with light, another method can be adopted, in which an 
alignment film is partially formed using photolithography 
or the like, and irradiated with light, and then, the re- 
maining part of the alignment film is formed by the pho- 
tolithography or the like. 

[0091] The present invention is applicable to an LCD 
having any other construction, or of any other mode in 
addition to the above-described active matrix type LCD. 

Example 4 

[0092] Examples 4 to 6 describe exemplary cases 
where the deterioration in contrast due to the disclina- 
tlon line caused when the regions having reference ori- 
entation directions opposite each other are formed in 
one picture element is prevented. 
[0093] Figure 3 is a plan view showing one example 
in which the present invention is applied to the TN mode 
active matrix type LCD. Figure 4 is a cross-sectional 
view thereof. In the LCD, as is shown in Figure 4, an 
active matrix substrate 31 is disposed so as to oppose 
a counter substrate 32, and a liquid crystal layer 33 is 
sealed therebetween. In the active matrix substrate 31 , 
a plurality of scanning lines 12 and a plurality of signal 
lines 13 are formed so as to cross each other on an in- 
sulating substrate 31a made of glass. In each of the ar- 
eas defined by the scanning lines 12 and the signal lines 
13, a pixel electrode 14 is disposed. In the vicinity of 
each of the crossings of the scanning lines 12 and the 
signal lines 13, a thin film transistor 20 (hereinafter re- 
ferred to as a TFT) as a nonlinear element having a 



switching function is formed. The TFT 20 is electrically 
connected to one of the scanning lines 12, one of the 
signal lines 13, and the corresponding pixel electrode 
14. The TFT 20 includes a gate electrode 15, a source 

s electrode 16 and a drain electrode 17. The gate elec- 
trode 15 is branched from the scanning line 12 on one 
side of the pixel electrode 14. The source electrode 16 
is branched from the signal line 1 3 toward the pixel elec- 
trode 14, and the drain electrode 17 is branched from 

10 the pixel electrode 14 toward the source electrode 16. 
As the TFT 20, an amorphous silicon TFT is employed 
in this example. The TFT 20 can be formed on the scan- 
ning line 12. 

[0094] On the pixel electrode 14, there is superposed 
15 a scanning line 12 which is adjacent to the scanning line 
1 2 including the TFT 20 connected to the pixel electrode 
14. The superposed portion constitutes an additional ca- 
pacitance 18. In an alternative case, an additional ca- 
pacitance line (not shown) is formed separately from the 
20 scanning line 12. In such a case, the additional capaci- 
tance 18 can be formed on the additional capacitance 
line. 

[0095] Above these electrode lines, that is, above the 
scanning lines 12 and the signal lines 1 3, and above the 

25 TFTs 20, an insulating protective film 31 d is formed In 
order to prevent short-circuits between the counter sub- 
strate 32 and these electrode lines and the TFTs and 
between the TFTs and the electrode lines. The insulat- 
ing protective film 31 d can be formed so as to have 

30 openings corresponding to respective pixel electrodes 
14. 

[0096] In the counter substrate 32 which faces the ac- 
tive matrix substrate 31 having the above-described 
structure, a color filter 32b, a counter electrode 24, and 
35 an alignment film 32e are formed on the insulating sub- 
strate 32a in this order. 

[0097] When the following process steps are per- 
formed for the LCD of this example having the above 
construction, an LCD which can actually be driven to dis- 

^0 play can be produced. Specifically, the LCD which can 
actually be driven to display is produced by the step for 
forming alignment films 31 e and 32e on the active matrix 
substrate 31 and the counter substrate 32, respectively, 
the step for performing a rubbing treatment for the align- 

45 ment film 31 e, the step for attaching the active matrix 
substrate 31 to the counter substrate 32, the step for 
providing a liquid crystal layer 33 by injecting liquid crys- 
tals between the substrates 31 and 32, and other steps, 
and then a step for mounting peripheral circuits such as 

so a drive circuit. 

[0098] In the production process , some process steps 
for providing a plurality of liquid crystal layer regions 
having different reference orientation directions in one 
picture element are performed. In this example, an 

55 aligning treatment is performed for the alignment film 
31 e of the active matrix substrate 31, so as to form a 
liquid crystal layer region 19 in which the reference ori- 
entation direction is different from the other region over 



11 



21 



EP0 636 919 B1 



22 



two or more picture elements while two reference orien- 
tation directions exist in one picture element. In other 
words, the reference orientation direction of the liquid 
crystal layer region 19 is reversed from the reference 
orientation direction of the other region. 
[0099] Such aligning conditions can be realized by 
performing the aligning treatment in a state where a pro- 
tective film is formed on one of two liquid crystal layer 
regions with different reference orientation directions, 
by removing the protective film, by performing another 
aligning treatment in a state where another protective 
film is formed on the other liquid crystal layer region, and 
then by removing the protective film. In an alternative 
case, a region of the surface of the pixel electrode 1 4 is 
chemically changed by using liquid such as an acidic or 
alkaline solution, so as to make the surface rough. Thus, 
the reference orientation directions (the in-plane direc- 
tions of the liquid crystal molecules at a middle position 
along the thickness direction of the liquid crystal layer 
33) are controlled by utilizing the difference in pretilt an- 
gles between the rough region and the flat region. As a 
method for making the surface rough, the surface may 
be chemically changed by plasma, or electromagnetic 
waves including light, or the surface may be physically 
changed by solid, gas, plasma, or electromagnetic 
waves including light. 

[0100] Alternatively, the liquid crystal layer regions 
having different reference orientation directions are 
formed by using a method described in Example 1 , 2 or 
3. 

[0101] In the case where the insulating film is formed 
above the electrode lines and the TFTs, in order to pre- 
vent short-circuits between the substrates and between 
the electrode lines, the insulating film surface is treated 
so as to chemically change the surface condition by us- 
ing liquid such as an acidic or alkaline solution, gas, 
plasma, or electromagnetic waves including light, orthe 
like, or so as to physically change the surface condition 
by using solid, gas, plasma, electromagnetic waves in- 
cluding light, orthe like. As a result, the in-plane direc- 
tions of the liquid crystal molecules at the middle posi- 
tion of the liquid crystal layer 33 can be controlled by 
controlling the pretilt angles orthe aligning directions. 
[0102] Accordingly, in this example, two liquid crystal 
layer regions having the reference orientation directions 
which are different from each other in one picture ele- 
ment are formed over two or more picture elements. 
Therefore, the boundary X (as shown in Figure 4) of liq- 
uid crystal regions with different reference orientation di- 
rections is positioned over two or more picture elements. 
As a result, the free energy included in the boundary is 
reduced, so that the possibility that one aligning condi- 
tion is absorbed by the other aligning condition can be 
avoided. In this way, the anisotropy of refractive indices 
of liquid crystal molecules is not lost, and it is possible 
to ensure the optical rotatory power of light. As a result, 
the viewing angle dependence can be eliminated. 
[0103] In the above-described example, the aligning 



treatment is performed for the alignment film 31 e of the 
active matrix substrate 31. Alternatively, the aligning 
treatment may be performed only for the alignment film 
32e of the counter substrate 32, orforboth the alignment 
s films 31 e and 32e of the substrates 31 and 32. In such 
cases, it Is possible to eliminate the viewing angle de- 
pendence. 

[0104] In this example, the boundary X between the 
liquid crystal layer regions with different reference o ri- 
te entation directions is set so as to be parallel to the signal 
lines 13. This invention is not limited to this specific set- 
ting. Alternatively, the boundary X between the liquid 
crystal layer regions with different orientation directions 
may be set so as to be parallel to the scanning lines 12, 
15 as is shown in Figure 5. In such a case, it is possible to 
eliminate the viewing angle dependence for the above- 
described reasons of the above examples. 
[0105] In this example, two liquid crystal layer regions 
having different reference orientation directions in one 
20 picture element are formed over two or more picture el- 
ements. This invention is not limited to this specific case. 
Alternatively, three or more liquid crystal layer regions 
having different reference orientation directions in one 
picture element may be provided over two or more pic- 
25 ture elements. 

[0106] In addition, it is sufficient for the boundary be- 
tween the liquid crystal layer regions with different ref- 
erence orientation directions to exist over two or more 
picture elements. Accordingly, it is unnecessary that the 
30 boundary continues over all the picture elements In one 
column among the picture elements disposed in a ma- 
trix. In some cases, the boundary may be divided in one 
column. 

35 Example 5 

[0107] Another example of the invention will be de- 
scribed. 

[0108] Figure 6 is a plan view showing an LCD pro- 
40 ducible by a method of Example 5. Figure 7 is a cross- 
sectional view along the direction A in Figure 6. Like 
components are indicated by like reference numerals to 
those in Figures 3 and 4. 

[0109] In this LCD, two liquid crystal layer regions 
45 (one is indicated by the reference numeral 19) with dif- 
ferent reference orientation directions are formed so 
that both regions exist in each picture element. That is, 
one of the two liquid crystal regions is shown as a 
hatched region, and the other region Is shown as a re- 
so gjon without hatching. The alignment treatment for ob- 
taining such aligning conditions are performed on the 
alignment film 31 e of the active matrix substrate 31 . The 
two liquid crystal layer regions with different reference 
orientation directions are positioned in such a manner 
55 that the boundary therebetween is parallel to the align- 
ing direction (the direction B) of the liquid crystal mole- 
cules which are in contact with the alignment film 31 e of 
the active matrix substrate 31. In order to realize such 
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aligning conditions, the same aligning treatment as in 
the above example can be adopted. 
[0110] As described above, In this LCD, the boundary 
X between the two liquid crystal layer regions with dif- 
ferent reference orientation directions is parallel to the 
aligning direction (the direction B) of the liquid crystal 
molecules which are in contact with the alignment film 
31 e of the active matrix substrate 31. Accordingly, the 
disorder of the liquid crystal alignment which results in 
the above-mentioned occurrence of the disclination line 
can be suppressed. 

[0111] In this example, the above-described aligning 
conditions are formed on the alignment film 31 e of the 
active matrix substrate 31. Alternatively, the aligning 
conditions can be formed only on the alignment film 32e 
of the counter substrate 32, or on both the alignment 
films 31 e and 32e of the substrates 31 and 32. In the 
former case, it is necessary to set the boundary X to be 
parallel to the aligning direction of liquid crystal mole- 
cules which are in contact with the alignment film 32e of 
the counter substrate 32. In the latter case, the boundary 
X may be set so as to be parallel to the aligning direction 
of liquid crystal molecules which are in contact with ei- 
ther of the alignment film 31 e of the active matrix sub- 
strate 31 or the alignment film 32e of the counter sub- 
strate 32. 

[0112] If the aligning direction (the direction B) is dif- 
ferent from that in the above-described case, as is 
shown in Figure 8, the two liquid crystal layer regions 
with different reference orientation directions may be 
formed so that the boundary X therebetween is set to 
be parallel to the aligning direction of the liquid crystal 
molecules which are in contact with the alignment film, 
[0113] In the above cases, as is shown in Figures 6 
and 8, the boundary X is formed from one of the hori- 
zontally adjacent sides to the other, or from one of the 
vertically adjacent sides to the other side of the display 
panel of the LCD. The invention is not limited to this spe- 
cific patterns. The boundary X extending from one side 
does not necessarily reach the other side. Alternatively, 
the boundary X may divide each side. 
[0114] In addition, the two liquid crystal layer regions 
with different aligning directions are formed in each sep- 
arate picture element. The invention is not limited to this 
specific case. Alternatively, as is shown in Figure 9, the 
two liquid crystal layer regions may be formed over suc- 
cessive picture elements. In such a case, on a portion 
corresponding to the picture element, the boundary X 
between the two liquid crystal layer regions with different 
reference orientation directions should be set so as to 
be parallel to the aligning direction (the direction B). In 
other words, In portions other than picture elements, the 
aligning directions of the liquid crystal molecules at the 
middle position along the thickness of the liquid crystal 
layer 33 hardly affect the display, so that the boundary 
X between the two liquid crystal layer regions with dif- 
ferent reference orientation directions In the portions 
other than the picture elements is not necessarily par- 



allel to the aligning direction (the direction B) of the liquid 
crystal molecules. In order to realize such aligning con- 
ditions, the same treatment as in the previous example 
can be adopted. 

5 [0115] Moreover, in the case of the active matrix type 
LCD having the TFT 20 of a nonlinear element between 
the picture element and the signal line, if the boundary 
X between the two liquid crystal layer regions with dif- 
ferent reference orientation directions is positioned far- 

10 thest from the nonlinear element as is shown in Figure 
8, it is possible to prevent the deterioration of the non- 
linear element during the treatment for making the sur- 
face rough. 

[0116] In Example 5, it is appreciated that three or 
is more liquid crystal layer regions with different orienta- 
tion directions are formed in one picture element, and 
the respective boundaries are set so as to be parallel to 
the aligning direction of the liquid crystal molecules 
which are In contact with one of the substrates. 

20 

Example 6 

[0117] In this example .two or mo re liquid crystal layer 
regions with different orientation directions are formed, 

25 and a light blocking film is formed on each boundary, so 
that the light leaked from the boundary portion is blocked 
by the light blocking film. In this case, it is unnecessary 
to set the boundary to be parallel to the aligning direction 
of the liquid crystal molecules which are in contact with 

30 one of the substrates. 

[0118] Figure 10 is a plan view showing an LCD of 
this example, and Figure 1 1 is a cross-sectional view 
thereof. In this LCD, the boundary between two liquid 
crystal layer regions with different reference orientation 

35 directions (one is indicated by the reference numeral 19) 
Is covered with a light blocking film 21 which is extended 
from the drain electrode 17. 

[0119] Accordingly, in this example, the light leaked 
from the boundary portion in which any disclination line 
40 occurs can be blocked by the light blocking film 21 , so 
that the contrast can be enhanced. The light blocking 
film is formed of the same material as that of the drain 
electrode 17 constituting the TFT 20 because the at- 
taching accuracy of the two substrates in the cell assem- 
45 bly process is low. If the light blocking film 21 is sepa- 
rately formed from the TFT 20, a positioning deviation 
occurs between the light blocking film 21 and the TFT 
20 both of which have the light blocking function after 
the attachment of the substrates. As a result, the open- 
so ing ratio is reduced. On the contrary, if the light blocking 
film 21 is formed of the same material as the drain elec- 
trode 17, the deposition and etching for the drain elec- 
trode 1 7 can be used for the formation of the light block- 
ing film 21. Thus, the number of process steps is not 
55 increased as compared with the conventional process. 
[0120] As shown in Figure 11 , the width D of the light 
blocking film 21 may be set to be a value with which the 
light blocking film 21 can block the light leaked from the 
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portion in which the disclination line occurs. 
[0121] In this example, the light blocking film 21 is 
formed of the same material as that of the drain elec- 
trode 17. Alternatively, the light blocking film 21 may be 
formed of the same material as any electrode or the tike s 
having the light blocking function constituting the TFT 
20. In such a case, the same effects can be attained. 
[0122] The light blocking film 21 in this example can 
be formed so as to cover the entire peripheral portions 
of the picture elements, as is shown in Figure 12. Alter- 10 
natively, the light blocking film 21 may be formed so as 
to cover the boundary X shown in Examples 1 and 2. 
[0123] The techniques described in Examples 4, 5 
and 6 can also be applied to any LCD of a desired mode 
and structure, as well as to the LCDs of the above-men- 15 
tioned modes and structures. 

Example 7 

[0124] Example 7 describes a method for producing 20 
an LCD with good reproducibility. 
[0125] Figure 13 is a cross-sectional view showing a 
simple matrix type LCD to which the present invention 
is applied. In the LCD, a pair of substrates 31 and 32 
are disposed so as to face each other with a liquid crystal 25 
layer 33 sandwiched therebetween. In the substrate 31 
which is the lower one of the substrates, an electrode 
layer 31b is formed on a base substrate 31a made of 
glass, silicon wafer, or the like. On the side which is in 
contact with the liquid crystal layer 33, an alignment film 30 
31 c for defining the alignment of liquid crystal molecules 
is formed. The electrode layer 31b provided on the sub- 
strate 31 is formed In such a manner that a plurality of 
strip electrodes are juxtaposed. 

[01 26] I n the other (upper) substrate 32, an electrode 35 
layer 32f is formed on a base substrate 32a made of 
glass, silicon wafer, or the like. On the side which is in 
contact with the liquid crystal layer 33, an alignment film 
32c for defining the alignment of liquid crystal molecules 
is formed. The electrode layer 32f provided on the sub- 40 
strate 32 is formed so as to cross the electrode layer 
31 b on the substrate 31 , in such amannerthat a plurality 
of strip electrodes are juxtaposed. The crossing portions 
of the electrode layers 31b and 32f constitute picture 
elements. 45 
[0127] In the liquid crystal layer 33, liquid crystal layer 
regions X and Y in which the aligning conditions are dif- 
ferent from each other are formed in one picture ele- 
ment. In the region X, the reference viewing direction is 
set to be the 6 o'clock direction. In the region Y, the ref- so 
erence viewing direction is set to be the 12 o'clock di- 
rection. In Figure 13, short lines extending from the 
alignment films 31c and 32c represent the liquid crystal 
molecules which are in contact with the alignment films 
31c and 32c, and angles between the short lines and ss 
the alignment films 31c and 32c represent the pretilt an- 
gles. The tilting of the liquid crystal molecule 33a in the 
vicinity of the middle position along the thickness direc- 
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tion of the liquid crystal layer 33 indicates the average 
p refitting direction of the liquid crystal molecules. 
[0128] The substrates 31 and 32 are sealed at their 
ends by a resin or the like, and a peripheral circuit such 
as a driving circuit is externally mounted at the periphery 
of a display section which performs a display in one of 
the substrates 31 and 32. 

[0129] The method for producing the LCD having the 
above-described construction will be described below. 
[0130] First, the electrode layers 31b and 32f are 
formed on the base substrates 31a and 32a by a known 
method, and the alignment films 31 c and 32c are formed 
thereon. Thereafter, the alignmentfilms 31c and 32c are 
unidlrectionally rubbed with a burnishing cloth or the 
like. 

[0131] Next, one of the substrates 31 and 32, e.g., the 
substrate 31 Is located in a chamber 41 of a reaction 
apparatus shown in Figure 14 so that the alignment film 
31c faces up. On the alignment film 31c, a mask 11 hav- 
ing light blocking portions 11a and light transmitting por- 
tions 11b is disposed. As shown in Figure 15, the mask 
11 has a construction in which the light blocking portions 
11a are formed entirely and the light transmitting por- 
tions 11b are formed therein in a matrix. The mask 11 
is disposed In such a mannerthat the light blocking por- 
tion 11a is positioned on a region corresponding to the 
region X of the electrode layer 31b which constitutes 
one picture element. 

[0132] Next, an oxygen gas or an ozone gas is intro- 
duced into the chamber 41 via a gas supply port 42 
through a mass flow controller 43 to which a supply pipe 
43a for selectively supplying an oxygen gas or an ozone 
gas and a supply pipe 43b for supplying an inert gas 
such as nitrogen are connected. At this time, the oxygen 
gas or the ozone gas is preferably introduced so as to 
come into contact with the alignment film 31c. In some 
cases, the oxygen gas orthe ozone gas may be supplied 
together with the inert gas. As to the concentration of 
the introduced oxygen or ozone, the concentration of ox- 
ygen when the oxygen gas is introduced is set to be 25 
vol% or more, and the concentration of ozone when the 
ozone gas is introduced is set to be 1 x 10* 4 vol% or 
more. If the atmosphere in the chamber 41 is substan- 
tially uniform, these prescribed concentrations can be 
selected in accordance with the atmosphere. If the at- 
mosphere in the chamber 41 is not uniform, these pre- 
scribed concentrations can be selected in accordance 
with the atmosphere in the vicinity of the alignment film 
31c. Essentially, the concentrations should be deter- 
mined so that the concentrations defined in the above 
ranges can be obtained at least in the vicinity of the 
alignment film 31c in order for the reaction which will be 
described below to easily occur at the surface of the 
alignment film. The supply pipe 43a selectively supplies 
one of the oxygen gas and the ozone gas from an oxy- 
gen source and an ozone source by means of a switch- 
ing valve which is not shown. 

[0133] Next, as shown in Figures 14 and 15, the align- 



EP0 636 919B1 



14 



27 



EP 0 636 919 B1 



28 



ment film 31 c is irradiated with light 35 through the mask of the liquid crystal layer 33 are controlled by the align- 

11 from the above. As the light 35 s ultraviolet rays can ment film with a larger pretilt angle. Therefore, in the 

be used. As the result of the light irradiation, the irradi- LCD of this example, two regions having reference ori- 

ated portion of the alignment film 31c has a surface con- entation directions which are opposite to each other are 

dition in which the pretilt angle of liquid crystal molecules 5 formed in one picture element. Accordingly, the viewing 

is decreased. characteristics of two reference viewing directions 

[0134] Accordingly, in the irradiated alignment film which are opposite each other are mixedly obtained, so 

31c, the irradiated portion corresponding to the region that the inversion phenomenon in the positive viewing 

Y has a smaller pretilt angle, and the portion which is direction can be improved, and the contrast can be en- 

not irradiated with light (hereinafter, referred to as anon- 10 hanced. 

irradiated portion) corresponding to the region X has a [0140] In this example, as the alignment films 31c and 
larger pretilt angle. 32c, a polyimide (PI) film which is one of organic poly- 
pi 35] Next, the other substrate 32 is located in the mer films is used. The polyimide type polymer includes 
chamber 41 , and the light Irradiation is performed In the a polymer main chain, and the longer chain direction of 
same manner as described above. At this time, the light is the polymer main chain in the polyimide film surface is 
blocking portion 11a is positioned on the region corre- aligned in the rubbing direction as the result of the rub- 
spending to the region Y of the electrode layer 32b blng treatment. Accordingly, it is considered that the liq- 
which constitutes one picture element. As the result of u id crystal molecules which are in contact with the align- 
the light irradiation, in the alignment film 32c t the irradi- ment films 31c and 32c made of polyimide films are 
ated portion corresponding to the region X has a smaller 20 aligned in the rubbing direction, 
pretilt angle, and the non-irradiated portion correspond- [0141] In this example, the oxygen concentration is 
Ing to the region Y has a larger pretilt angle. The light set to be 25 vol% or more, and the ozone concentration 
irradiation step for the substrate 32 may be performed is set to be 1 x 10- 4 vol% or more. Such concentrations 
prior to the light irradiation step for the substrate 31 . are determined because oxygen or ozone existing in the 
[0136] Then, the substrates 31 and 32 are attached 23 vicinity of the irradiated portion facilitates the reaction 
to each other in such a manner that the alignment films for changing the surface condition of the alignment film 
31c and 32c face inside. At this time, the substrates 31 caused by the light irradiation. Thus, the reaction rate 
and 32 are sealed at their ends. Thereafter, liquid crystal can be increased. If the concentration is lower than the 
is injected into the gap between the substrates 31 and predetermined one, the reaction for changing the sur- 
32, so as to obtain the liquid crystal layer 33. 30 face condition of the alignment film is not facilitated. 
[0137] In the final step, a peripheral circuit such as a Thus, the reaction rate is not increased. Since ozone 
driving circuit is mounted on the periphery outside of the can effectively facilitate the reaction as compared with 
display section which performs a display. Thus, the LCD oxygen, the concentration of ozone Is extremely lower 
of this example is completed. than the concentration of oxygen to be supplied to the 
[01 38] As described above, in this example, when the 35 irradiated portion of the alignment film. If both the oxy- 
alignment films 31c and 32c are irradiated with light, the gen gas and the ozone gas are introduced, the concen- 
oxygen gas orthe ozone gas exists at least in the vicinity trations thereof can be reduced for attaining the same 
of the alignment films 31c and 32c at the oxygen con- effects. 

centration of 25 vol% or more or the ozone concentra- [0142] In this invention, the step of irradiating the 

tion of 1 x 1 0- 4 vol% or more. This increases the reaction *o alignment film with light can be performed at any time 

rate. That is, when oxygen existing in the vicinity of the after the formation of the alignment film. Specifically, the 

alignment film is irradiated with ultraviolet rays, 0 3 irradiation step can be performed after the application 

(ozone) is generated. The O a oxidizes the alkyl radical of alignment film, after the presintering, after the rubbing 

of polyimide, so as to produce a carbonyl radical. As a treatment, or after the cleaning of the substrate after the 

result, the polarity of the alignment film surface is 45 rubbing treatment. Also, it is possible to perform the ir- 

changed. If a larger amount of oxygen or ozone, espe- radiation step after the substrates are attached to each 

cially ozone exists in the vicinity of the alignment film, other. However, in such a case, the alignment film is ir- 

the polarity of the alignment film surface is changed radiated with light through the counter substrate, so that 

more rapidly. As a result, the surfaces of the alignment It is necessary to use light having a wavelength capable 

films 31c and 32c can be set into the desired aligning so 0 f being transmitted through the substrate (e.g., glass), 

conditions in a shorter period. Then, the changed polar- [0143] As a mask which can be used in this invention, 

ityofthealignmentfilm surface changes the pretilt angle for example, a mask similar to a photomask which is 

of liquid crystal molecules which are in contact with the usually used in a photolithography technique can be 

alignment film surface with changed polarity. used. Although the alignment film is contaminated, it is 

[0139] In the case where the pretilt angle of the sub- ss possible to adopt a method in which a mask pattern is 

strate 31 is different from that of the substrate 32, the directly formed on the alignment film using a photoli- 

In-plane orientation directions of the liquid crystal mol- thography technique, the light irradiation is performed, 

ecules at a middle position along the thickness direction and then the mask is peeled off. Alternatively, by using 
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the converged light, a predetermined region may be se- 
lectively irradiated. 

[01 44] When the alignment film is irradiated with light, 
the light blocking portion is not required to completely 
block the light. It is sufficient to make a difference in 
transmittance between the blocking portion and the non- 
blocking portion. For example, a material having two or 
more regions with different transmittances is provided 
on the substrate as the mask. In this way, two or more 
types of regions with different alignments can be formed 
in one and the same liquid crystal layer. 
[0145] In this example, two regions X and Y having 
different pretilt angles on one substrate are formed in 
one picture element. The present invention is not limited 
to this specific setting. For example, as shown in Figure 
1 6, adjacent picture elements may be set to have differ- 
ent pretilt angles from each other In this figure, in picture 
elements 44 and 46 which are not irradiated with light, 
the pretilt angle is set to be a, and in the picture element 
45 which is irradiated with light, the pretilt angle is set 
to be p which is different from a. 
[0146] According to the invention, three or more re- 
gions having different pretilt angles on one substrate 
can be formed in one picture element. Alternatively, a 
set of two or more picture elements is made to have the 
same pretilt angle, and the pretilt angles are made dif- 
ferent between the sets of two or more picture elements. 
A construction in which three regions having different 
pretilt angles are formed in one picture elements can 
effectively used for an LCD which performs a color dis- 
play. 

[0147] The size of each of the regions X and Y is set 
to correspond to the size of one picture element, and 
the regions X and Y can alternately be formed, as shown 
in Figure 19. 

[0148] In the above example, the alignment film is ir- 
radiated with ultraviolet rays. It is appreciated that visi- 
ble rays or Infrared rays can alternatively be used. Es- 
pecially when high energy can be easily used for chang- 
ing the aligning conditions, it is preferred that the ultra- 
violet rays with wavelengths of 400 nm or less are used. 
The light having the wavelength can be surely obtained 
by using, for example, a high pressure mercury lamp. 
When the alignment film is irradiated with the ultraviolet 
rays <UV rays), it is preferred that the irradiation is per- 
formed under conditions from 1 ,000 (mJ/cm 2 ) to 10,000 
(mJ/cm 2 ). As for other available light, a laser beam hav- 
ing the same range of wavelengths as those of ultravi- 
olet rays, visible rays or infrared rays can be used. When 
the laser beams are used, the above effects can be at- 
tained in a shorter time period because the energy of a 
laser is added to the energy of light wavelength. Instead 
of the above light irradiation process, the aligning con- 
ditions of the alignment film can be changed locally by 
another energy beam irradiation. For example, the irra- 
diation of electron beams, ion beams, X-rays or the like 
can locally change the chemical structure of the align- 
ment film. 



[0149] In this example, the alignment film is made of 
a polyimide film, but may be made of other materials. 
Such materials include an organic polymer film contain- 
ing polyamide, polystyrene, polyamideimide, epoxyacr- 

5 ylate, spiran aery late, or polyurethane as a main compo- 
nent, an inorganic oxide film, an Inorganic nitride film, 
an inorganic fluoride film, and a metal film. In such a 
case, the irradiation light is preferred to be appropriately 
selected based on the selected kind of material. Alter- 

10 natively, the alignment film may be formed of an inor- 
ganic material containing silicon nitride, silicon oxide, 
magnesium fluoride, gold or the like as the main com- 
ponent. In such a case, it is necessary to perform the 
Irradiation of light with high energy such as ultraviolet 

is laser beams, electron beams, or the like. 

[0150] The present invention can improve the viewing 
performance in the TN mode and the STN mode. For 
example, in the case where an LCD of TN mode type is 
disposed between a pair of polarizing plates, in order to 

20 improve the viewing performance by eliminating the in- 
version phenomenon of LCD and the like, it is consid- 
ered that the refractive indices of the liquid crystal mol- 
ecules in the vertical direction (in the perpendicular di- 
rection with respect to the viewer) are preferably set 

25 equal to each other regardless of the viewing angle. 
That is, in the positive viewing direction, it is sufficient 
to suppress the change of anisotropy (A n) of the refrac- 
tive index in the vertical direction from large to 0 and 
then to large (in the reverse direction), as the viewing 

30 angle is made deeper from the position directly above 
the LCD (in the direction perpendicular to the substrate 
face). 

[0151] Moreover, the production method according to 
the invention can be applied to a scattering mode LCD. 

35 When the method is applied to the scattering mode LCD , 
a plurality of different aligning conditions are formed for 
respective minute areas, so that the light incident on the 
liquid crystal layer is scattered when no voltage is ap- 
plied to the liquid crystal layer because the aligning an- 

40 gles of liquid crystal molecules are different from each 
other for respective minute areas. When a voltage Is 
gradually applied to the liquid crystal layer, the liquid 
crystal molecules gradually stand, so the liquid crystal 
layer transmits the incident light. As described above, 

45 based on the voltage applied to the liquid crystal layer, 
it is possible to perform the light switching operation. 
[0152] In this example, the present invention is ap- 
plied to a simple matrix type LCD. The invention is not 
limited to this specific type. Alternatively, the present in- 

so vention can also be applied to any LCD of an active ma- 
trix type, or other types. 

Example B 

55 [0153] Examples 8 and 9 describe methods for pre- 
cisely producing essential portions of the LCD according 
to the invention. 

[0154] Figure 1 7 is a cross-sectionai view showing a 
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simple matrix type LCD to which the present invention 
is applied. In the LCD. a pair of substrates 31 and 32 
are disposed so as to face each other with a liquid crystal 
layer 33 sandwiched therebetween. In the substrate 31 
which is the lower one of the substrates, an electrode 5 
layer 31b is formed on a base substrate 31a made of 
glass, silicon wafer, or the like. On the side which is in 
contact with the liquid crystal layer 33, an alignment film 
31 c for defining the alignment of liquid crystal molecules 
is formed. The electrode layer 31 b provided on the sub- 10 
strate 31 is formed in such a manner that a plurality of 
strip electrodes are juxtaposed. 
[0155] In the other (upper) substrate 32, an electrode 
layer 32f is formed on a base substrate 32a made of 
glass, silicon wafer or the like. On the side which is in 15 
contact with the liquid crystal layer 33, an alignment film 
32c for defining the alignment of liquid crystal molecules 
is formed. The electrode layer 32t provided on the sub- 
strate 32 is formed so as to cross the electrode layer 
31 b on the substrate 31 , in such a mannerthat a plurality 20 
of strip electrodes are juxtaposed. The crossing portions 
of the electrode layers 31b and 32f constitute picture 
elements. 

[0156] In the liquid crystal layer 33, regions X and Y 
in which the aligning conditions are different from each 25 
other are formed in one picture element. In the region 
X, the reference viewing direction is set in the 6 o'clock 
direction. In the region Y, the reference viewing direction 
is set in the 12 o'clock direction. In Figure 17, short lines 
extending from the alignment films 31c and 32c repre- 30 
sent the liquid crystal molecules which are in contact 
with the alignment films 31c and 32c, The tilting of the 
liquid crystal molecule 33a In the vicinity of the middle 
position along the thickness direction of the liquid crystal 
layer 33 indicates the average pretilting direction of the 35 
liquid crystal molecules. 

[0157] The substrates 31 and 32 are sealed at their 
ends by a resin or the like, and a peripheral circuit such 
as a driving circuit is externally mounted on the periph- 
ery of a display section which performs a display in one 40 
of the substrates 31 and 32. 

[01 58] The method for producing the LCD having the 
above-described construction will be described below. 
[0159] First, the electrode layers 31b and 32f are 
formed on the base substrates 31 a and 32a by a known 
method, and the alignment films 31 c and 32c are formed 
thereon. Thereafter, the alignment films 31c and 32c are 
unidirectionally rubbed with a burnishing cloth or the 
like. 

[0160] Next, one of the substrates 31 and 32, e.g., the so 
substrate 31 is located in a chamber (not shown) so that 
the alignment film 31c faces up. On the alignment film 
31c, a mask 11 having light blocking portions 11a and 
light transmitting portions 11b is disposed. As shown in 
Figure 18, the mask 1 1 has a construction in which the ss 
light blocking portions 11a are formed entirely and the 
light transmitting portions 11b are formed therein In a 
matrix. The mask 1 1 is disposed in such a manner that 



the light blocking portion 11a is positioned on a region 
corresponding to the region X of the electrode layer 31 b 
which constitutes one picture element. 
[0161] Next, a gas containing nitrogen of 85% in vol- 
ume is introduced into the chamber. The gas is substi- 
tuted for the atmosphere In the chamber. Thereafter, the 
alignment film 31c is irradiated with light 35 through the 
mask 11 from above. As for the light 35, ultraviolet rays 
can be used. As the result of the light irradiation, the 
irradiated portion of the alignment film 31 c has a surface 
condition in which the pretilt angle of liquid crystal mol- 
ecules is decreased. 

[0162] Accordingly, in the irradiated alignment film 
31c, the Irradiated portion corresponding to the region 
Y has a smaller pretilt angle, and the non-irradiated por- 
tion corresponding to the region X has a larger pretilt 
angle. 

[0163] Next, the other substrate 32 is located in the 
chamber, and the light irradiation Is performed in the 
same manner as described above. At this time, the light 
blocking portion 11a is positioned over the area corre- 
sponding to the region Y. As the result of the light irra- 
diation, in the alignment film 32c, the irradiated portion 
corresponding to the region X has a smaller pretilt angle, 
and the non-irradiated portion corresponding to the re- 
gion Y has a larger pretilt angle. The light irradiation step 
for the substrate 32 may be performed prior to the light 
irradiation step for the substrate 31 . 
[0164] Then, the substrates 31 and 32 are attached 
to each other in such a manner that the alignment films 
31c and 32c face inside. At this time, the substrates 31 
and 32 are sealed at their ends. Thereafter, liquid crystal 
is injected Into the gap between the substrates 31 and 
32, so as to obtain the liquid crystal layer 33. 
[0165] In the final step, a peripheral circuit such as a 
driving circuit is mounted on the periphery outside of the 
display section which performs a display. Thus, the LCD 
of this example is completed. 

[0166] As described above, in this example, the align- 
ment film is irradiated with light in an atmosphere con- 
taining nitrogen of 85% in volume. As a result, the vol- 
ume ratio of oxygen to the air can be reduced from 20% 
(in the usual state) to 15%, so that the influence of ox- 
ygen on the light blocking portion can be suppressed. 
At this time, the reaction rate is not reduced. The irradi- 
ation amount of ultraviolet rays required for setting the 
initial pretilt angle from 5 to 0 degrees is about 1 0 J/cm 2 . 
[0167] The present invention can be performed if the 
mixing ratio of an inert gas is 1 00%. In such a case, there 
is no influence on the light blocking portion, and the re- 
action rate is reduced to be about 1/5. In addition, the 
required irradiation amount of ultraviolet rays is 50 J/cm 2 
or more. 

[0168] In this example, nitrogen is used as the inert 
gas. The invention is not limited to nitrogen, and alter- 
natively, helium, neon, or argon can be used. In such a 
case, the mixing ratio Is set to be the same as In the 
case of nitrogen. 
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[0169] In this example, the irradiation tight for the 
alignment film is the ultraviolet rays. Alternatively, ultra- 
violet laser light can be used. In order to easily obtain a 
high energy, it is preferred that the ultraviolet rays with 
wavelengths of 400 nm or less are used. The light hav- 
ing the wavelength can be surely obtained by using a 
high pressure mercury lamp, a low pressure mercury 
lamp, a mercury xenon lamp, and the like. 

Example 9 

[0170] In Example 9, the amount of oxygen is reduced 
as in Example 8, by reducing the pressure around the 
surface of the alignment film when the light irradiation is 
performed. 

[0171] In this example, the substrates having the 
same construction as in Example 8 were used. Specif- 
ically, one of the substrates 31 and 32 was located in a 
chamber in which the internal pressure was adjusted to 
be 0.5 atm. Then, a mask was disposed. In this state, a 
predetermined portion of the alignment film was irradi- 
ated with ultraviolet rays. Instead of ultraviolet rays, la- 
ser light having the same wavelength range as that of 
the ultraviolet rays can be used. 

[0172] In the case of this example, the degree of In- 
fluence on the light blocking portion is substantially the 
same as that in the case where the volume ratio of an 
inert gas is 85% in Example 8. The reaction speed is 
somewhat improved, and the irradiation amount of ul- 
traviolet rays required for changing the initial pretilt an- 
gle from 5 to 0 degrees is about 9 J/cm 2 Moreover, in 
the case of this example, the irradiation condition is se- 
lected to be a reduced pressure or vacuum, so that the 
light which may absorbed or scattered in the gas can 
reach the alignment film surface. Thus, the irradiation 
efficiency Is Increased, and the throughput can be short- 
ened. 

[0173] In this example, the pressure in the chamber 
can be reduced so as to be vacuum. In such a case, 
there is no influence on the light blocking portion. The 
reaction rate is slightly improved as compared with the 
case where the inert gas of 1 00% is used in Example 8. 
The required irradiation amount of ultraviolet rays is 
about 45 J/cm 2 . The change in reaction rate is caused 
due to the degree of scattering of light by the gas. 
[0174] As described above, in this example, the light 
irradiation is performed at a reduced pressure or in a 
vacuum, so that the absorption and scattering of light by 
the gas In the atmosphere can be suppressed. There- 
fore, the light attenuation degree can be reduced. 
Therefore, in this example, other than the ultraviolet rays 
and the laser light having the same wavelength range 
as that of the ultraviolet rays, visible rays, infrared rays, 
or laser light having the same wavelength range as that 
of such rays can be employed. 

[0175] The alignment film which can be used in Ex- 
amples 8 and 9 may be formed of a polyimlde film. An 
alignment film made of other materials can also be used. 



An alignment film made of an inorganic material con- 
taining silicon nitride, silicon oxide, magnesium fluoride, 
gold orthe like as the main component can be used. In 
such a case, it is necessary to perform the irradiation of 
5 light with high energy such as ultraviolet laser beams, 
orthe like. 

[0176] The present invention can be applied to a sim- 
ple matrix type LCD, in addition to the above-described 
active matrix type LCD. 

10 [0177] In this invention, the step of irradiating the 
alignment film with light can be performed at any time 
after the formation of the alignment film. Specifically, the 
irradiation step can be performed after the application 
of alignment f Km, after the preslntering, after the sinter- 

15 ing, after the rubbing treatment, or after the cleaning of 
the substrate after the rubbing treatment. 
[0178] As to a mask which can be used in this Inven- 
tion, it is possible to adopt a method in which a mask 
pattern is directly formed on the alignment film using a 

20 photolithography technique, the light irradiation is per- 
formed, and then the mask is peeled off. Alternatively, 
by using the converged light, a predetermined region 
may be selectively irradiated. 

[0179] In Examples 8 and 9, it is possible to set the 
25 size of each of the regions X and Y corresponding to the 
size of one picture element as in Example 7, and the 
regions X and Y are alternately formed as shown in Fig- 
ure 19. In such a case, in each of the alignment films 
31c and 32c, the irradiated portion and the non-irradi- 
30 ated portion are alternately formed, and each of the por- 
tions corresponds to one picture element. 
[0180] As described above, according to the inven- 
tion, different aligning conditions can be attained by dif- 
ferentiating the pretilt angles for every predetermined 
35 region. Accordingly, it is possible to form different refer- 
ence orientation directions In one liquid crystal panel, so 
that the viewing characteristics in the different reference 
viewing directions can be mixedly obtained. Thus, the 
viewing performance and the display quality can be im- 
^o proved, and a wide viewing angle can be attained. 
[0181] According to the Invention, the dependence on 
viewing angle of the LCD can be eliminated, and the dis- 
advantageous phenomenon that one aligning condition 
is absorbed by another aligning condition can be sup- 
45 pressed. In addition, the occurrence of disclination line 
at the boundary between regions with different aligning 
conditions can be suppressed. Moreover, in the case 
where the light blocking film is formed, the light leaked 
from the disclination line, if any, can be blocked. There- 
to fore, according to the invention, it is possible to provide 
an LCD with reliability and improved display quality. 
[0182] According to the method for producing an LCD 
of the invention, ozone or oxygen is introduced into the 
vicinity of the alignment film when the film is irradiated 
55 with light. Thus, the reaction rate at the surface of the 
alignment film can be increased, and the LCD can be 
produced with good producibility. 
[0183] According to the invention, the influence on the 
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light blocking portion during the light irradiation can be 
suppressed, so that the margin for irradiation conditions 
Is widened. Thus, the control of the pre-tilt angles can 
be stably performed. In the cases where light other than 
ultraviolet rays is used, the light irradiation can be effi- 5 
ciently performed according to the Invention, and the 
LCD having a wide viewing angle can be easily provid- 
ed. 

[0184] Various other modifications will be apparent to 
and can be readily made by those skilled in the art with- 10 
out departing from the scope of this invention. Accord- 
ingly, it is not intended that the scope of the invention 
be limited to the description as set forth herein, but by 
the appended claims. 



Claims 

1. A method of producing a liquid crystal display ap- 
paratus comprising first and second substrates (31 , 20 
32); a liquid crystal layer (33) sandwiched between 
the substrates; and first and second alignment films 
(31b, 32b; 31c, 32c; 31e, 32e), the alignment films 
being films of an organic polymer disposed at inter- 
faces between the liquid crystal layer and a respec- 2s 
tive one of the substrates, the alignment films reg- 
ulating aligning conditions of liquid crystal in the liq- 
uid crystal layer, the liquid crystal including two or 
more liquid crystal layer regions of different aligning 
directions; 30 
wherein the method comprises: 

a step of selectively Irradiating at least one of 
the alignment films with visible or infrared light 
in a vacuum or in a partial vacuum so as to in- 35 
crease the surface tension of the irradiated re- 
gion(s) of the at least one alignmentf ilm, so that 
the surface tension of the at least one alignment 
film varies between surface regions corre- 
sponding to the liquid crystal layer regions of 40 
different aligning conditions, whereby the irra- 
diated region(s) of the at least one alignment 
film induce a lower pretilt in the liquid crystal 
layer than do the unirradiated region(s) of the 
at least one alignment film. 45 

2. A method according to claim 1 , wherein the surface 
regions include first regions which are irradiated 
with light and second regions which are not Irradi- 
ated with light, the first surface regions and the sec- so 
ond surface regions are arranged alternately on 
both of the alignment films, and the first surface re- 
gions on one of the alignment films face the second 
surface regions on the other of the alignment films. 

55 

3. A method of producing a liquid crystal display ap- 
paratus as claimed in claim 1 or 2 wherein the two 
or more liquid crystal layer regions having different 



aligning directions are formed in each picture ele- 
ment, and the boundary (X) between one liquid 
crystal layer region and a liquid crystal layer region 
adjacent thereto extends over two or more picture 
elements. 

4. A method as claimed in claim 1 or 2, wherein the 
two or more liquid crystal layer regions having dif- 
ferent aligning directions are formed in each picture 
element, and a boundary (X) between one liquid 
crystal layer region and a liquid crystal layer region 
adjacent thereto is parallel to the aligning direction 
of liquid crystal molecules which are in contact with 
one of the pair of substrates. 

5. A method of producing a liquid crystal display ap- 
paratus as claimed In claim 1 or 2, wherein the two 
or more liquid crystal layer regions having different 
aligning directions are formed in each picture ele- 
ment of the display apparatus; and 

wherein the method further comprises the 
step of covering the boundary between adjacent liq- 
uid crystal layer regions with a light blocking film 
(21). 

6. A method of producing, a liquid crystal display ap- 
paratus comprising first and second substrates 
(31 ,32) and a liquid crystal layer (33) sandwiched 
between the pair of substrates, the method com- 
prising the steps of: 

forming first and second alignment films (31b, 
32b; 31c, 32c; 31 e, 32e) for regulating aligning 
conditions of liquid crystal in the liquid crystal 
layer on a respective one of the substrates; 

wherein the method further comprises the 
step of selectively irradiating at least one of the 
alignment films with light so as to reduce the pre-tilt 
angle of liquid crystal molecules adjacent the irra- 
diated portion(s) of the at least one alignment film 
while a gas including at least one of oxygen and 
ozone is in contact with the at least one alignment 
film; 

and wherein the gas includes oxygen having 
a concentration of 25 vol % or more; and in that the 
gas includes ozone having a concentration of 1 x 
10" 4 vol % or more. 

7. A method of producing a liquid crystal display ap- 
paratus including first and second substrates 
(31,32) and a liquid crystal layer (33) sandwiched 
therebetween, the method comprising the step of: 

forming first and second alignment films (31 b ; 
32b;31c,32c;31e,32e) for regulating aligning 
direction of liquid crystal molecules In the vicin- 
ity thereof on a respective one of the sub- 



19 



37 



EP0 636 919 B1 



38 



strates; 

wherein the method further comprises the 
step of selectively irradiating at least one of the 
alignment films with light so as to reduce p re-tilt an- 
gles of liquid crystal molecules adjacent the irrradi- 
ated portion(s) of the at least one alignment film; 

and wherein the pressure and/or the compo- 
sition of the ambient gas in which the at least one 
alignment film is irradiated is/are selected so that 
the irradiation step has a desired duration. 

8. A method according to claim 6 or 7, wherein the step 
of selectively irradiating at least one of the align- 
ment films with light includes a step of forming first 
regions which are irradiated with light and second 
regions which are not irradiated with light on one of 
the alignment films, and a step of forming the first 
regions and the second regions on the other of the 
alignment films, the first regions and the second re- 
gions being arranged alternately on both of the 
alignment films, the first regions of the one of the 
alignmentfilmsfacingthe second regions oftheoth- 
er of the alignment films. 

9. A method of producing a liquid crystal display ap- 
paratus comprising first and second substrates (31 , 
32) and a liquid crystal layer (33) sandwiched be- 
tween the pair of substrates, the method comprising 
the step of: 

forming first and second alignment films (31b, 
32b; 31c, 32c; 31 e t 32e) for regulating aligning 
conditions of liquid crystal in the liquid crystal 
layer on a respective one of the first and second 
substrates; 

wherein the method further comprises the 
step of: 

selectively irradiating at least one of the align- 
ment films with light in an atmosphere including 
an inert gas so as to reduce the pre-tilt angle of 
liquid crystal molecules adjacent the irradiated 
portion(s) of the at least one alignment film, 
wherein the atmosphere includes the inert gas 
at the volume ratio of 85% to 100%, and the 
inert gas is selected from nitrogen, helium, ne- 
on, and argon. 

1 0. A method according to claim 7 or 9, wherein the light 
is ultraviolet rays or ultraviolet laser light. 

11 . A method according to claim 7 or 9, wherein the step 
of selectively irradiating at least one of the align- 
ment films with light includes a step of forming first 
regions which are irradiated with light and second 
regions which are not irradiated with light on one of 



the alignment films, and a step of forming the first 
regions and the second regions on the other of the 
alignment films, the first regions and the second re- 
gions being arranged alternatively on both of the 
alignment films, the first regions of the one of the 
alignment films facing the second regions of the oth- 
er of the alignment films. 

12. A method of producing a liquid crystal display ap- 
paratus comprising first and second substrates 
(31,32) and a liquid crystal layer (33) sandwiched 
between the pair of substrates, the method of com- 
prising the step of: 

forming first and second alignment films (31b, 
32b; 31c, 32c; 31 e, 32e) for regulating aligning 
conditions of liquid crystal in the liquid crystal 
layer on a respective one of the first and second 
substrates; 

wherein the method further comprises the 
step of: 

selectively irradiating at least one of the align- 
ment films with light in a vacuum or a partial 
vacuum so as to reduce the pre-tilt angle of liq- 
uid crystal molecules adjacent the irradiated 
portion(s) of the at least one alignment film. 

13. A method according to claim 7 or 12 wherein the 
pressure of the vacuum or partial vacuum is in the 
range of 0.5 atm to 0 atm. 

14. A method according to claim 7 or 12, wherein the 
light is ultraviolet light, visible light, infrared light, ul- 
traviolet laser light, visible laser light, or infrared la- 
ser light. 

15. A method according to claim 7 or 12, wherein the 
step of selectively irradiating at least one of the 
alignment films with light includes a step of forming 
first regions which are irradiated with light and sec- 
ond regions which are not irradiated with light on 
one of the alignment films, and a step of forming the 
first regions and the second regions on the other of 
the alignment films, the first regions and the second 
regions being arranged alternatively on both of the 
alignment films, the first regions of the one of the 
alignmentfilmsfacingthe second regions of the oth- 
er of the alignment films. 



Patentanspriiche 

1. Verfahren zum Herstellen einer Flussigkristall-An- 
zeigevorrichtung mit einem ersten und einem zwei- 
ten Substrat (31 , 32); einerzwischen diese Substra- 
te eingebetteten Flussigkristallschicht (33); und er- 
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sten und zweiten Ausrichtungsfilmen (31b, 32b; 5. 
31c, 32c; 31 e, 32e), die Filme aus einem organi- 
schen Polymer sind, das an Grenzflachen zwischen 
der Flussigkristallschicht und einem jeweiligen der 
Substrate angeordnet sind, wobei diese Aus rich- 5 
tungsfilme Ausrichtungsbedingungen des Flussig- 
kristalls in der Flussigkristallschicht regulieren, die 
zwei Oder mehr Flussigkristallschicht-Bereiche mit 
verschiedenen Ausrichtungsrichtungen enthait; 
wobei das Verfahren Folgendes umfasst: 10 

einen Schritt des selektiven Bestrahlens min- 
destens eines der Ausrichtungsfilme mit sicht- 6. 
barem Oder Infrarotem Licht Im Vakuum oder 
partiellem Vakuum, um die Oberflachenspan- 15 
nung des mindestens einen bestrahlten Be- 
reichs des mindestens einen Ausrfchtungsfilms 
zu erhohen, so dass die Oberflachenspannung 
des mindestens einen Ausrichtungsfilms zwi- 
schen Oberflachenbereichen variiert, die den 20 
Flussigkristallschicht-Bereichen mit verschie- 
denen Ausrichtungsbedingungen entspre- 
chen, wobei der mindestens eine bestrahlte 
Bereich des mindestens einen Ausrichtungs- 
films zu einer geringeren Vorkippung In der 25 
Flussigkristallschicht fiihrt, als dies der minde- 
stens eine nicht bestrahfte Bereich des minde- 
stens einen Ausrichtungsfilms tut. 

2. Verfahren nach Anspruch 1 , bel dem die Oberfla- 30 
chenbereiche erste, mit Licht bestrahlte Bereiche 
und zweite, nicht mit Licht bestrahlte Bereiche be- 
Inhalten, wobei die ersten und die zweiten Oberfla- 
chenbereiche abwechselnd auf den beiden Aus- 
richtungsfilmen angeordnet sind und die ersten 35 
Oberflachenbereiche auf einem der Ausrichtungs- 
filme den zweiten Oberflachenbereichen auf dem 
anderen der Ausrichtungsfilme zugewandt sind. 1, 

3. Verfahren zum Herstellen einer Flussigkristall-An- *o 
zeigevorrichtung nach Anspruch 1 Oder 2, bei dem 

die zwei oder mehr Flussigkristallschicht-Bereiche 
mit verschiedenen Ausrichtungsrichtungen in je- 
dem Bildelement ausgebildet sind und sich die 
Grenze (X) zwischen einem Flussigkristallschicht- 45 
Bereich und einem dazu benachbarten uber zwei 
oder mehr Bildelemente erstreckt. 

4. Verfahren nach Anspruch 1 oder2 ( bei dem die zwei 
oder mehr Flussigkristallschicht-Bereiche mit ver- so 
schiedenen Ausrichtungsrichtungen in jedem Bild- 
element ausgebildet sind und die Grenze (X) zwi- 
schen einem Flussigkristallschicht-Bereich und ei- 
nem dazu benachbarten parallel zur Ausrichtungs- 
richtung von Flussigkristallmolekulen verlauft, die ss 
mit einem der Substrate des Paars von Substraten 

in Kontakt stehen. 



Verfahren zum Herstellen einer Flussigkristall-An- 
zeigevorrichtung nach Anspruch 1 oder 2, bet dem 
die zwei Oder mehr Flusslgkristallschlcht-Bereiche 
mit verschiedenen Ausrichtungsrichtungen in je- 
dem Bildelement der Anzeigevorrichtung ausgebil- 
det sind; und 

wobei das Verfahren ferner den Schritt des Be- 
deckens der Grenze zwischen benachbarten 
Flussigkristallschicht-Bereichen mit einem 
Lichtsperrfilm (21) beinhaltet. 

Verfahren zum Herstellen einer Flussigkristall-An- 
zeigevorrichtung mit einem ersten und einem zwei- 
ten Substrat (31 , 32) und einer zwischen dem Paar 
von Substraten eingebetteten Flussigkristallschicht 
(33), mit den folgenden Schritten: 

Herstellen erster und zweiter Ausrichtungsfil- 
me (31b, 32b; 31c, 32c; 31 e, 32e) zum Regu- 
lieren von Ausrichtungsrichtungen des Flussig- 
krfstalls in der Flussigkristallschicht auf einem 
jeweiligen der Substrate; 
wobei das Verfahren ferner den Schritt des se- 
lektiven Bestrahlens mindestens eines der 
Ausrichtungsfilme mit Licht beinhaltet, um den 
Vorkippwinkel von Flussigkristallmolekulen an- 
grenzend an den mindestens einen bestrahlten 
Bereich des mindestens einen Ausrichtungs- 
films zu verringern, wahrend ein Gas, das Sau- 
erstoff und/oder Ozon enthait, mit dem minde- 
stens einen Ausrichtungsfilm in Kontakt steht; 
- und wobei das Gas Sauerstoff mit einer Kon- 
zentration von 25 Vol.% oder mehr enthait und 
es Ozon mit einer Konzentration von 1 x to 4 
Vol.% oder mehr enthait. 

Verfahren zum Herstellen einer Flussigkristall-An- 
zeigevorrichtung mit einem ersten und einem zwei- 
ten Substrat (31 , 32) und einer zwischen dem Paar 
von Substraten eingebetteten Flussigkristallschicht 
(33), mit den folgenden Schritten: 

Herstellen erster und zweiter Ausrichtungsfil- 
me (31b, 32b; 31c, 32c; 31 e, 32e) zum Regu- 
lieren von Ausrichtungsrichtungen des Flussig- 
kristalls in der Flussigkristallschicht auf einem 
jeweiligen der Substrate; 
wobei das Verfahren ferner den Schritt des se- 
lektiven Bestrahlens mindestens eines der 
Ausrichtungsfilme mit Licht zum Verringern von 
Vorkippwinkeln von Flussigkristallmolekulen 
angrenzend an den mindestens einen bestrahl- 
ten Bereich des mindestens einen Ausrich- 
tungsfilms beinhaltet; 

und wobei der Druck und/oder die Zusammen- 
setzung des Umgebungsgases, in dem der 
mindestens eine Ausrichtungsfilm bestrahlt 
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wird, so ausgewahlt wird/werden, dass der Be- 
strahlungsschritt die gewunschte Dauer auf- 
welst. 

8. Verfahren nach Anspruch 6 oder 7, bei dem der 5 
Schritt des selektiven Bestrahlens mindestens ei- 
nes der Ausrichtungsfilme mit Licht einen Schritt 
des Ausbildens erster Be re ic he, die mit Licht be- 
st rah It sind. und zweiter Bereiche, die nicht mit Licht 
bestrahlt sind, auf einem der Ausrichtungsfilme so- 10 
wie einen Schritt des Ausbildens der ersten Berei- 
che und der zweiten Bereiche auf dem anderen der 
Ausrichtungsfilme beinhaltet, wobei die ersten und 

die zweiten Bereiche auf den beiden Ausrichtungs- 
f ilmen abwechselnd angeordnet sind und wobei die is 
ersten Bereiche des einen der Ausrichtungsfilme 
den zweiten Bereichen des anderen Ausrichtungs- 
filme zugewandt sind. 

9. Verfahren zum Herstellen einer Flussigkristall-An- 20 
zeigevorrichtung mit einem ersten und einem zwei- 
ten Substrat (31 , 32) und einer zwischen dem Paar 
von Substraten eingebetteten Flussigkristallschicht 
(33), mit den folgenden Schritten: 

25 

Herstellen erster und zweiter Ausrichtungsfil- 
me (31b, 32b; 31c, 32c; 31 e, 32e) zum Regu- 
lieren von Ausrichtungsrtchtungen des Flussig- 
kristalls in der Flussigkristallschicht auf einem 
jeweiligen der Substrate; 30 

wobei das Verfahren ferner den folgenden Schritt 
aufweist: 

selektives Bestrahlen mindestens eines der 35 
Ausrichtungsfilme mit Licht in einer Atmosphe- 
re, die ein Inertgas enthalt, um den Vorkippwin- 
kel von FlussigkristallmolekOlen angrenzend 
an den mindestens einen bestrahlten Bereich 
des mindestens einen Ausrichtungsfilms zu 40 
verringern, wobei die Atmosphare das Inertgas 
mit einem Volumenanteil von 85 % bis 1 00 % 
enthalt und das Inertgas aus Stickstoff, Helium, 
Neon und Argon ausgewahlt ist. 

45 

10. Verfahren nach Anspruch 7 oder 9, bei dem das 
Licht Ultraviolettstrahlung oder ultraviolettes Laser- 
licht ist. 

11. Verfahren nach Anspruch 7 oder 9, bei dem der so 
Schritt des selektiven Bestrahlens mindestens ei- 
nes der Ausrichtungsfilme mit Licht einen Schritt 
des Ausbildens erster Bereiche, die mit Licht be- 
strahlt sind. und zweiter Bereiche, die nicht mit Licht 
bestrahlt sind, auf einem der Ausrichtungsfilme so- 55 
wie einen Schritt des Ausbildens der ersten Berei- 
che und der zweiten Bereiche auf dem anderen der 
Ausrichtungsfilme beinhaltet, wobei die ersten und 



die zweiten Bereiche auf den beiden Ausrichtungs- 
filmen abwechselnd angeordnet sind und wobei die 
ersten Bereiche des einen der Ausrichtungsfilme 
den zweiten Bereichen des anderen Ausrichtungs- 
filme zugewandt sind. 

12. Verfahren zum Herstellen einer Flussigkristall-An- 
zeigevorrichtung mit einem ersten und einem zwei- 
ten Substrat (31 , 32) und einer zwischen dem Paar 
von Substraten eingebetteten Flussigkristallschicht 
(33), mit den folgenden Schritten: 

Herstellen erster und zweiter Ausrichtungsfil- 
me (31b, 32b; 31c, 32c; 31 e, 32e) zum Regu- 
lieren von Ausrichtungsrichtungen des Flussig- 
kristalls in der Flussigkristallschicht auf einem 
jeweiligen der Substrate; 

wobei das Verfahren ferner den folgenden Schritt 
aufweist: 

selektives Bestrahlen mindestens eines der 
Ausrichtungsfilme mit Licht im Vakuum oder ei- 
nem partiellen Vakuum, um den Vorkippwinkel 
von Flussigkristallmolekulen angrenzend an 
den mindestens einen bestrahlten Bereich des 
mindestens einen Ausrichtungsfilms zu verrin- 
gem. 

13. Verfahren nach Anspruch 7 oder 12, bei dem der 
Druck des Vakuums oder des partiellen Vakuums 
im Bereich von 0,5 atm bis 0 atm liegt. 

14. Verfahren nach Anspruch 7 oder 12, bei dem das 
Licht ultraviolettes Licht, sichtbares Licht, Infrarot- 
licht, ultraviolettes Laserlicht. sichtbares Laserlicht 
oder infrarotes Laserlicht ist. 

15. Verfahren nach Anspruch 7 oder 12, bei dem der 
Schritt des selektiven Bestrahlens mindestens ei- 
nes der Ausrichtungsfilme mit Licht einen Schritt 
des Ausbildens erster Bereiche, die mit Licht be- 
strahlt sind, und zweiter Bereiche, die nicht mit Licht 
bestrahlt sind, auf einem der Ausrichtungsfilme so- 
wie einen Schritt des Ausbildens der ersten Berei- 
che und der zweiten Bereiche auf dem anderen der 
Ausrichtungsfilme beinhaltet, wobei die ersten und 
die zweiten Bereiche auf den beiden Ausrichtungs- 
filmen abwechselnd angeordnet sind und wobei die 
ersten Bereiche des einen der Ausrichtungsfilme 
den zweiten Bereichen des anderen Ausrichtungs- 
filme zugewandt sind. 



Revindications 

1. Procede de production d'un appareil d'affichage a 
cristal liquide comprenant un premier et un deuxie- 
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me substrat (31, 32); une couche de crista! liquide 
(33) prise en sandwich entre les substrats; et un 
premier et un deuxieme films d'alignement (31 b. 
32b; 31c, 32c; 31 e, 32e), les films d'alignement 
etant des films d'un polymere organ ique disposes 5 
aux interfaces entre la couche de crlstal liquide et 
Tun respectif des substrats, les films d'alignement 
regulant les conditions d'alignement du cristal liqui- 
de dans la couche de cristal liquide, le cristal liquide 
comprenant deux ou plusieurs regions de couche 10 
de cristal liquide de differente directions d'aligne- 
ment; 

dans lequel le procede comprend : 

une etape d'irradiation selective d'au moins Tun is 
des films d'alignement a de la lumiere visible 
ou infrarouge dans un vide ou un vide parttel 
de maniere a augmenter la tension de surface 
de la ou des regions irradiees du au moins un 
film d'alignement, de maniere que la tension de 20 
surface du au moins un film d'alignement varie 
entre les regions de surface correspondant aux 
regions de la couche de cristal liquide ayant dif- 
ferentes conditions d'alignement, si bien que la 
ou les regions irradiees du au moins un film 25 
d'alignement induisent une pre-inclinaison in- 
ferieure dans la couche de cristal liquide a celle 
de la ou des regions non irradiees du ou au 
moins un film d'alignement. 

30 

2. Procede selon la revendication 1 , dans lequel les 
regions de surface comprennent des premieres re- 
gions qui sont irradiees par de la lumiere et des 
deuxiemes regions qui ne sont pas irradiees par de 

la lumiere, les premieres regions de surface et les 35 
deuxiemes regions de surface sont amenagees en 
alternance sur les deux films d'alignement, et les 
premieres regions de surface su r Tun des films d'ali- 
gnement font face aux deuxiemes regions de sur- 
face sur I'autre des films d'alignement. 40 

3. Procede de production d'un appareil d'affichage a 
cristal liquide selon la revendication 1 ou 2, dans 
lequel les deux ou plusieurs regions de couche de 
cristal liquide ayant differentes directions d'aligne- 45 
ment sont formees dans chaque element d' image 

et la I i mite (X) entre une region de la couche de cris- 
tal liquide et une region de la couche de cristal li- 
quide qui lui est adjacente s'etend sur deux ou plu- 
sieurs elements d'image. so 

4. Procede selon la revendication 1 ou 2, dans lequel 
les deux ou plusieurs regions de la couche de cristal 
liquide ayant differentes directions d'alignement 
sont formers dans chaque element d'image et une ss 
limite (X) entre une region de la couche de cristal 
liquide et une region de la couche de cristal liquide 

qui lui est adjacente est parallele a la direction d'ali- 



gnement des molecules de cristal liquide qui sont 
en contact avec I'un des deux substrats. 

5. Proced6 de production d'un appareil d'affichage a 
cristal liquide selon la revendication 1 ou 2, dans 
lequel les deux ou plusieurs regions de la couche 
de cristal liquide ayant differentes conditions d'ali- 
gnement sont formees dans chaque element d'ima- 
ge de I'appareil d'affichage; et 

dans lequel le procede comprend en outre 
I'etape de recouvrement de la limite entre des re- 
gions adjacentes de la couche de cristal liquide par 
un film bloquant la lumiere (21). 

6. Procede de production d'un appareil d'affichage a 
cristal liquide comprenant un premier et un deuxie- 
me substrats (31 , 32) et une couche de cristal liqui- 
de (33) prise en sandwich entre les deux substrats, 
le procede comprenant les etapes suivantes : 

on forme un premier et un deuxieme films d'ali- 
gnement (31b, 32b; 31c, 32c; 31e, 32e) pour 
reguler les conditions d'alignement du cristal li- 
quide dans la couche de cristal liquide sur Tun 
respectif des substrats; 

dans lequel le procede comprend en outre 
I'etape d'irradiation selective d'au moins I'un des 
films d'alignement par de la lumiere de maniere a 
reduire Tangle de pre-inclinaison des molecules de 
cristal liquide adjacentes a la ou aux parties irra- 
diees du au moins un film d'alignement tandis qu'un 
gaz comprenant au moins de I'oxygene ou de I'ozo- 
ne est en contact avec le au moins un film d'aligne- 
ment; et 

dans lequel le gaz comprend de I'oxygene 
ayant une concentration de 25% en volume ou plus; 
et le gaz comprend de I'ozone ayant une concen- 
tration de 1 x 10" 4 % en volume ou plus. 

7. Procede de production d'un appareil d'affichage a 
cristal liquide comprenant un premier et un deuxie- 
me substrats (31 , 32) et une couche de cristal liqui- 
de (33) prise en sandwich entre eux, le procede 
comprenant les etapes suivantes : 

on forme un premier et un deuxieme films d'ali- 
gnement (31b, 32b; 31c, 32c; 31 e, 32e) pour 
reguler la direction d'alignement des molecules 
de cristal liquide a leur voisinage sur I'un res- 
pectif des substrats; 

dans lequel le procede comprend en outre 
I'etape d'irradiation selective d'au moins I'un des 
films d'alignement par de la lumiere de maniere a 
reduire les angles de pre-inclinaison des molecules 
de cristal liquide adjacentes a la ou aux parties ir- 
radiees du ou moins un film d'alignement; et 
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9. 



10 



11 



dans lequel la pression et/ou la composition 
du gaz ambiant dans lequel le au moins un film d'ali- 
gnementest Irradie est/sont choisle(s) de telle sorte 
que I'etape d'irradiation ait une duree souhaitee. 

5 

Proc6d6 selon la revendlcation 6 ou 7, dans lequel 
I'etape d'irradiation selective d'au moins I'un des 
films d'alignement par de la lumiere comprend une 12, 
6tape de formation de premieres regions qui sont 
irradiees par de la lumiere et de deuxiemes regions 10 
qui ne sont pas irradiees par de la lumiere sur I'un 
des films d'alignement, et une etape de formation 
des premieres regions et des deuxiemes regions 
sur I'autre des films d'alignement, les premieres re- 
gions et les deuxiemes regions etant am^nagees is 
en altemance sur les deux films d'alignement, les 
premieres regions de I'un des films d'alignement fai- 
sant face aux deuxiemes regions de I'autre des 
films d'alignement. 



Proc6de de production d'un appareil d'affichage a 
cristal liquide comprenant un premier et un deuxie- 
me substrats (31 , 32) et une couche de cristal liqui- 
de (33) prise en sandwich entre la paire de subs- 
trats, le proc6de comprenant l'6tape suivante : 
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on forme un premier et un deuxieme films d'ali- 
gnement (31b, 32b; 31c, 32c; 31 e, 32e) pour 
reguler les conditions d'alignement du cristal li- 
quide dans la couche de cristal liquide sur I'un 30 13. 
respectif des premier et deuxieme substrats; 

dans lequel le proceed comprend en outre I'etape 
suivante : 



des films d'alignement, les premieres regions et les 
deuxiemes regions etant am6nagees en altemance 
sur les deux films d'alignement, les premieres re- 
gions de I'un des films d'alignementfaisant face aux 
deuxiemes regions de I'autre des films d'aligne- 
ment. 

Precede de production d'un appareil d'affichage a 
cristal liquide comprenant un premier et un deuxie- 
me substrats (31 , 32) et une couche de cristal liqui- 
de (33) prise en sandwich entre la paire de subs- 
trats, le proc6de comprenant l'6tape suivante : 

on forme un premier et un deuxieme films d'ali- 
gnement (31b f 32b; 31c, 32c; 31e, 32e) pour 
reguler les conditions d'alignement du cristal li- 
quide dans la couche de cristal liquide sur I'un 
respectif du premier et du deuxieme substrats; 

dans lequel le proc6d6 comprend en outre l'6tape 
suivante : 

on irradie selectivement au moins I'un des films 
d'alignement par de la lumiere dans un vide ou 
un vide partlel de maniere a require I'angle de 
pre-inclinaison des molecules de cristal liquide 
adjacentes a la ou aux parties irradiees du au 
moins un film d'alignement. 

Proced6 selon la revendication 7 ou 1 2, dans lequel 
la pression du vide ou du vide partiel se situe dans 
la plage de 0,5 atmosphere a 0 atmosphere. 
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on effectue Pirradiation selective d'au moins 
I'un des films d'alignement par de la lumiere 
dans une atmosphere comprenant un gaz Iner- 
te de maniere a require I'angle de pre-inclinai- 
son des molecules de cristal liquide adjacentes 
a la ou aux parties irradiees du au moins un film 
d'alignement, dans lequel ('atmosphere com- 
prend le gaz inerte dans un rapport volumique 
de 85% a 1 00%, et le gaz inerte estchoisi parmi 
I'azote. I'helium, le neon et ('argon. 

Proc6de selon la revendication 7 ou 9, dans lequel 
la lumiere est de la lumiere ultraviolette ou de la lu- 
miere laser ultraviolette. 

50 

Proc6de selon la revendication 7 ou 9, dans lequel 
I'etape d'irradiation selective d'au moins I'un des 
films d'alignement par de la lumiere comprend une 
dtape de formation de premieres regions qui sont 
irradiees par la lumiere et de deuxiemes regions qui ss 
ne sont pas irradiees par la lumiere sur I'un des films 
d'alignement, et une 6tape de formation des pre- 
mieres regions et des deuxiemes regions sur I'autre 



14. Procede selon la revendication 7 ou 1 2, dans lequel 
la lumiere est la lumiere ultraviolette, la lumiere vi- 
sible, la lumiere infrarouge, la lumiere laser ultra- 
violette, la lumiere laser visible ou la lumiere laser 
Infrarouge. 

15. ProcedS selon la revendication 7 ou 12, dans lequel 
l'6tape d'irradiation selective d'au moins I'un des 
films d'alignement par de la lumiere comprend une 
6tape de formation de premieres regions qui sont 
irradiees par de la lumiere et de deuxiemes regions 
qui ne sont pas irradiees par de la lumiere sur I'un 
des films d'alignement, et une 6tape de formation 
des premieres regions et des deuxiemes regions 
sur I'autre des films d'alignement, les premieres re- 
gions et les deuxiemes regions 6tant amSnagdes 
en altemance sur les deux films d'alignement, les 
premieres regions de I'un des films d'alignement fai- 
sant face aux deuxiemes regions de I'autre des 
films d'alignement. 
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FIG. 1A 




33 
31 



8 0 8 8 8 

////SSSSSSS 



9 0 8 9 9— 



33a 
40 



;|s\\\\^\\VN:^\\v\^\\V^K:3i 

12 o'clock g 
viewing direction 



A 6 o'clock 
viewing direction 



31b 
14 
31a 



FIG. 1B 



12 o'clock 
viewing direction 




6 o'clock 
viewing direction 



25 



EP0 636 919 B1 



FIG. 2 
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FIG. 4 
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FIG. 7 
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FIG. 10 
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FIG. 13 
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FIG. 14 
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FIG. 16 



46 

«S 2» 



45 

-6 > 



44 

< > 



•31c 
■31 



a 



0 



a 



40 



EP0 636 919 B1 



FIG. 17 
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FIG. 18 
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FIG. 19 
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FIG, 21 A 
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FIG. 22 
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FIG. 23 A 
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